PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 2001-195878 
(43)Date of publication of application : 19.07.2001 



(51) Int. CI. GllC 11/14 

GllC 11/15 
HOIF 10/26 
HOIL 27/105 
HOIL 43/08 



(21) Application number : 2000- (71) Applicant : CANON INC 

281863 

(22) Date of filing : 18. 09. 2000 (72) Inventor : KOGANEI AKIO 



(30) Priority 

Priority 11302591 Priority 25. 10. 1999 Priority JP 

number : date : country : 
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INFORMATION STORED IN THE MEMORY, AND ITS REPRODUCING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a MRAM which can be reproduced without 
applying positive and negative current pulses and to provide a method 
for reproducing information of this MRAM and a reproducing device using 
only a positive pulse or a negative pulse. 

SOLUTION: A magnetic resistance effective memory has a magnetic 
resistance film consisting of a first magnetic layer, a non-magnetic 
layer, and a second magnetic layer formed on a substrate, a conductor 
line for receding information arranged near this magnetic resistance 
film or a conductor line for both recording and reproducing information, 
and a magnetization fixing layer near a magnetic resistance film. The 



magnetization of a reproduction layer being one of magnetic layers of a 
magnetic resistance film is oriented in one direction by this 
magnetization fixing layer, the center of current magnetic field-MR 
ratio minor loop is shifted, and reproducing information can be 
performed by only a positive or negative current pulse. 
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CLAIMS 



[Claim (s)] 

[Claim 1] Magneto-resistive effect memory characterized by having the 
magnetization fixed bed which makes an one direction carry out 
orientation of the magnetization direction of said playback layer to the 
magnetic-reluctance film which consists of the playback layer / a non- 
magnetic layer / a memory layer formed on a substrate according to 
magnetic bonding strength. 

[Claim 2] Magneto-resistive effect memory according to claim 1 
characterized by said magnetic bonding strength being switched 
connection force. 

[Claim 3] Magneto-resistive effect memory according to claim 1 



characterized by said magnetic bonding strength being magnetostatic 
bonding strength. 

[Claim 4] said magnetic-reluctance film — receiving — said substrate 
and opposite side — a conductor — the magneto-resistive effect memory 
according to claim 1 characterized by arranging the line. 
[Claim 5] Magneto-resistive effect memory according to claim 1 
characterized by said non-magnetic layer consisting of a conductor. 
[Claim 6] Magneto-resistive effect memory according to claim 1 
characterized by said non-magnetic layer consisting of an insulator. 
[Claim 7] Magneto-resistive effect memory given in any 1 term of claim 
1-6 to which said magnetization fixed bed is characterized by having the 
same lamination as said magnetic-reluctance film. 

[Claim 8] Magneto-resistive effect memory given in any 1 term of claim 

1-6 to which said magnetization fixed bed is characterized by having 

different lamination from said magnetic-reluctance film. 

[Claim 9] Magneto-resistive effect memory given in any 1 term of claim 

1-8 to which the magnetization direction of said magnetic-reluctance 

film is characterized in general by being field inboard to a film 

surface. 

[Claim 10] Magneto-resistive effect memory according to claim 7 to which 
easy-axis lay length L of said magnetic-reluctance film and die-length P 
of the magnetization fixed bed are characterized by being chosen as the 
range of P/L>2. 5. 

[Claim 11] claim 1- to which the magnetization direction of said 
magnetic-reluctance film is characterized in general by the 
perpendicular thing to a film surface — magneto-resistive effect memory 
given in any 1 term of 6 or 8. 

[Claim 12] Magneto-resistive effect memory according to claim 11 
characterized by preparing the non-magnetic layer which has conductivity 
between said magnetic-reluctance film and said magnetization fixed beds. 
[Claim 13] The playback approach characterized by detecting information 
recorded by impressing the current field of an one direction to said 
magnetic-reluctance film, and detecting magnetic-reluctance change in 
case the information recorded on magneto-resistive effect memory 
according to claim 1 is reproduced. 

[Claim 14] In the magneto-resistive effect memory which has a line and 
the magnetization fixed bed to which an one direction is made to carry 
out orientation of the magnetization direction of one magnetic layer of 
said magnetic-reluctance film the conductor arranged near the magnetic- 
reluctance film which consists of a magnetic layer / a non-magnetic 
layer / a magnetic layer, and said magnetic-reluctance film — In the 



approach of reproducing information currently recorded on the line by 
the sink and said memory layer in the current as the memory layer which 
records a playback layer and information for two magnetic layers of said 
magnetic-reluctance film — using — said conductor — A line is made to 
generate a magnetic field for the current of only the any 1 direction of 
positive/negative according to the current of said one direction to the 
field of a sink and said magnetic-reluctance film, said conductor — The 
orientation of the magnetization of said playback layer is made to carry 
out in the direction of the magnetic field generated according to the 
current of said one direction. The playback approach characterized by 
detecting magnetic-reluctance change which is a difference with the 
resistance of said magnetic-reluctance film in the condition that the 
resistance and said magnetic field of said magnetic-reluctance film in 
the condition that said magnetic field was impressed are not impressed, 
and reproducing recorded information. 

[Claim 15] The playback approach according to claim 14 characterized by 
carrying out orientation of the magnetization of said playback layer in 
the magnetization direction of said magnetization fixed bed established 
near said magnetic-reluctance film in the condition that said magnetic 
field is not impressed. 

[Claim 16] The regenerative apparatus characterized by having a means to 
supply the current of the one direction used in order to reproduce 
information recorded on magneto-resistive effect memory according to the 
playback approach indicated to claims 13 or 14, and a means to detect 
magnetic-reluctance change. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the memory using a 
magneto-resistive effect. In more detail, the power consumption at the 
time of the playback is small, and a memory property improves, and it is 
related with magneto-resistive effect memory and its playback approach 
available as cheap memory for suitable computer peripheral, and a 
regenerative apparatus with improvement in the speed of a circumference 
circuit. 
[0002] 



[Description of the Prior Art] An intense ED competition is developed in 
the memory device used for a computer or electronic equipment. A 
technique progresses at an ever-advancing speed and various new memory 
devices are proposed. In recent years, giant magneto-resistance (Giant 
Magneto Registance) is discovered by the magnetic-reluctance film which 
put the non-magnetic layer between ferromagnetic layers, and the 
magnetic sensor and memory device using this phenomenon are attracting 
attention. The generic name of the memory device which used the 
magnetic-reluctance film for below is set to MRAM. 

[0003] In MRAM, 3 layer structures of two ferromagnetic layers and the 
thin non-magnetic layer pinched between them serve as a basic structural 
unit which records information, the case where the magnetization 
direction has gathered between two ferromagnetic layers which inserted 

the non-magnetic layer — anti the condition of "0" and "l" is 

recorded by the case, ****, using the phenomenon in which resistance 
differs. 

[0004] In case the information currently recorded is read, an 
alternating current magnetic field weaker than the time of writing is 
impressed, and only one ferromagnetic layer changes the sense of the 
magnetization direction, measures a change in resistance in that case, 
and reads the condition of "0" and "1. " Since information is recorded 
magnetically, MRAM is excellent in radiation resistance and has the 
advantage which did not volatilize theoretically, writes in at high 
speed and does not have a limit of a count. Since high density record 
can be easily performed by diverting the existing semiconductor 
technology, replacement of DRAM is expected in the future. For example, 
the proposal about use is made by JP, 06-243673, A as a memory device. 
[0005] The principle of operation of MRAM is shown below. Drawing 5 (a) 
is drawing showing the configuration of MRAM. On the substrate, it has 
the configuration which carries out a laminating to the order of the 1st 
magnetic layer 11, a non-magnetic layer 12, the 2nd magnetic layer 13, 
an insulating layer 80, and the write-in line (word line) 51. Multilayer 
structure is sufficient as magnetic-reluctance **** which consists of 
combination of a ferromagnetic layer and a non-magnetic layer. 
[0006] The 1st magnetic layer 11, the 2nd magnetic layer 12, and these 
two ferromagnetic layers consist of combination of soft magnetic 
materials and a hard magnetic material, turn into a playback layer from 
which soft magnetic materials read information, and turn into a memory 
layer in which a hard magnetic material accumulates information. In 
drawing 5 (a), the playback layer and the 2nd magnetic layer 13 for 
which the 1st magnetic layer 11 used soft magnetic materials are a 



memory layer using a hard magnetic material. Buffer layers, such as SiN 
and Ta, may be prepared between a substrate and the 1st magnetic layer 
11. 

[0007] Record actuation of MRAM is performed by changing the direction 
of magnetization of the 2nd magnetic layer 13 which turns into a memory 
layer by the field generated by the write-in line. 

[0008] Drawing 5 (b) shows the case where "0" is written in. If a record 
current is perpendicularly passed from a rear face toward a transverse 
plane to a write-in line in space, a field will occur in the direction 
of an arrow head. When recording, it is enlarging the field to generate, 
and not only the 1st magnetic layer 11 that is a playback layer but the 
magnetization direction of the 2nd magnetic layer 13 which is a memory 
layer is written in rightward on space. This condition is "0. " 
[0009] Drawing 5 (c) shows the case where "l" is written in. If a record 
current is perpendicularly passed from a transverse plane toward a rear 
face to a write-in line in space, a field will occur in the direction of 
an arrow head. When recording, it is enlarging the field to generate, 
and not only the 1st magnetic layer 11 that is a playback layer but the 
magnetization direction of the 2nd magnetic layer 13 which is a memory 
layer is written in leftward on space. This condition is "1. " 
[0010] On the other hand, at the time of playback, a write-in line is 
made to reverse magnetization of a playback layer by passing a 
regenerative-current pulse weaker than the time of record in order in 
both directions, and it realizes by reading the resistance change at 
that time. 

[0011] Drawing 5 (d) - (g) is a series of drawings showing playback 
actuation. In the condition that "0" is recorded as shown in drawing 5 
(b), change of the magnetization direction of the magnetic layer at the 
time of, next passing the current of the reverse sense is 
perpendicularly shown in space from the transverse plane in the 
regenerative current toward the rear face to the write-in line at 
drawing 5 (d) at a sink and drawing 5 (e), respectively at first. 
[0012] As shown in drawing 5 (d), when the regenerative current is 
perpendicularly passed from a transverse plane toward a rear face at 
first to a write-in line in space, a small field occurs in the sense of 
an arrow head. Although magnetization reversed the 1st magnetic layer 11 
which is a playback layer in this magnetic field strength, magnetization 
of the 2nd magnetic layer 13 which is a memory layer has maintained the 
direction of '"0. " When the regenerative current is perpendicularly 
passed from a rear face toward a transverse plane to a write-in line in 
space as shown in drawing 5 (e) next, a small field occurs in the sense 



of an arrow head. Although magnetization re-reversed the 1st magnetic 
layer 11 which is a playback layer in this magnetic field strength, 
magnetization of the 1st magnetic layer 13 which is a memory layer has 
maintained the direction of "0. " 

[0013] When are observed in the magnetization direction of two magnetic 
layers and the regenerative current is perpendicularly passed toward a 
rear face from a transverse plane in the first space, the magnetization 
direction of the 1st magnetic layer 11 and the 2nd magnetic layer 13 is 
in an anti-parallel condition. 

[0014] Next, when it writes in and the regenerative current is 
perpendicularly passed from a rear face toward a transverse plane to a 
line in space, the magnetization direction of the 1st magnetic layer 11 
and the 2nd magnetic layer 13 is in an parallel condition. Therefore, it 
writes in, while passing a current pulse in the two directions, and 
resistance change of a line changes from high resistance of an anti- 
parallel condition to low resistance of an parallel condition. It can 
read that the condition that resistance changes from such high 
resistance to low resistance is "0." 

[0015] Change of the magnetization direction of the ferromagnetism layer 
at the time of passing the current of the reverse sense for the 
regenerative current next to a sink and drawing 5 (g) to a write-in line 
at space toward [ in the beginning ] a transverse plane to a rear face 
in drawing 5 (f) in the condition that "1" is recorded as shown in 
drawing 5 (c) on the other hand, perpendicularly is shown, respectively. 
[0016] As shown in drawing 5 (f), when the regenerative current is 
perpendicularly passed from a transverse plane toward a rear face at 
first to a write-in line in space, a small field occurs in the sense of 
an arrow head. In this field, as for the 1st magnetic layer 11 which is 
a playback layer, magnetization of the 2nd magnetic layer 13 the 
magnetization direction does not change and is [ magnetic layer ] a 
memory layer has also maintained the direction of "l. " When the 
regenerative current is perpendicularly passed from a rear face toward a 
transverse plane to a write-in line in space as shown in drawing 5 (g) 
next, a small field occurs in the sense of an arrow head. This magnetic 
field strength of the 1st magnetic layer 11 which is a playback layer is 
insufficient for changing magnetization of the 2nd magnetic layer which 
is a memory layer, although magnetization is reversed, and the direction 
of "1" has been maintained. 

[0017] When it observes in the magnetization direction of two magnetic 
layers, and the regenerative current is perpendicularly passed from a 
transverse plane toward a rear face to a write-in line in space at first. 



the magnetization direction of the 1st magnetic layer 11 and the 2nd 
magnetic layer 13 is in an parallel condition. Next, when the 
regenerative current is perpendicularly passed toward a transverse plane 
from a rear face in space, the magnetization direction of the 1st 
magnetic layer 11 and the 2nd magnetic layer 13 is in an anti-parallel 
condition. Therefore, it writes in, while passing a current pulse in the 
two directions, and resistance change of a line changes from low 
resistance of an parallel condition to high resistance of an anti- 
parallel condition. It can read that the condition that resistance 
changes from such low resistance to high resistance is "1. " 
[0018] As stated above, the information currently recorded by reading 
the resistance change when writing in a weak current pulse and passing 
on a line can identify "0" and "1." This record playback approach can 
expect an ideal memory property from a high-speed drive being possible 
by un-volatilizing and un-destroying. It is divided into the absolute 
detection which will compare size with the resistance itself if it 
divides roughly, and the differential detection the resistance change at 
the time of shaking a current in the two directions judges the increment 
direction or the reduction direction to be although the various 
proposals of the approach of detecting electrically the magnetic- 
reluctance change at the time of said playback are made. 
[0019] Although it wrote in and the above-mentioned explanation of 
operation explained the record / playback approach of the memory using a 
line, a write-in line is not indispensable as a component of MRAM. Other 
adjoining wiring can also be diverted to generating of the field which 
reverses magnetization of a ferromagnetic layer depending on structure. 
[0020] When it classifies from a viewpoint of the mechanism of the 
ingredient using the configuration of MRAM, and magnetic reluctance, 
there are the spin dispersion mold which used the metal non-magnetic 
layer for the interlayer, a spin bulb mold which fixed the magnetization 
direction of one ferromagnetic layer in the antiferromagnetism layer, a 
spin tunnel mold using an insulator non-magnetic layer, other granular 
molds which distributed the particle of a magnetic material in the non- 
magnetic layer, a CMR (Colossal Magnetoresistance) mold using a 
perovskite oxide film, etc. 

[0021] In a spin dispersion mold, GMR discovers a non-magnetic layer by 
spin dependence dispersion between two magnetic layers as metal layers, 
such as Cu. That is, although the electrons with the spin of 
magnetization and an opposite direction are scattered about when the 
sense of magnetization of a magnetic layer is parallel, the electrons 
with the spin of magnetization and the same direction are not scattered 



about, but resistance becomes low as a whole, on the contrary, the sense 
of magnetization of a magnetic layer — anti- — case **** — 
magnetization — said — since both an electron with direction spin and 
electrons with the spin of an opposite direction are scattered about, 
resistance becomes high as a whole. Although the MR ratio is larger than 
the anisotropy magneto-resistive effect which about 5 - 10% is obtained 
at a room temperature, and is decided in a current and the direction of 
magnetization, it is smaller than a spin tunnel mold. 
[0022] It differs in that the spin bulb mold is carrying out pinning of 
the magnetization direction but theoretically by the same thing as spin 
dispersion for which an antiferromagnetism layer is combined with one 
ferromagnetic layer. The magnetization direction of another magnetic 
layer can be rotated freely. If a magnetization curve is taken, in order 
to become an unsymmetrical configuration according to the magnetization 
direction and to change from low resistance to high resistance near a 
zero field at linearity, it has structure suitable for the magnetic 
sensor which carries out sensing of the minute MAG. In current, it is 
put in practical use as a reading sensor of a hard disk. 
[0023] With a spin tunnel mold, an electron carries out tunneling of the 
insulator by using a non-magnetic layer as an insulator, it moves 
between two magnetic layers, and a magneto-resistive effect is 
discovered in the form depending on the difference of the density of 
states of a spin electron. That is, when the sense of magnetization of a 
magnetic layer is parallel, since the electron which has down spin in 
the condition of rise spin that another ferromagnetic layer was vacant 
as for the electron with rise spin can be tunneled in the condition of 
the down spin as for which another ferromagnetic layer was vacant, the 
difference of the density of states of a spin' electron becomes small, 
and resistance becomes low. on the contrary, the sense of magnetization 

of a magnetic layer — anti in ****, since neither an electron with 

rise spin nor an electron with down spin can be tunneled, the difference 
of the density of states of a spin electron becomes large, and 
resistance becomes high. 10% - about 30% is obtained at a room 
temperature, and the MR ratio is larger than a spin dispersion mold. 
However, the component resistance itself is stronger than a spin 
dispersion mold because of the structure which sandwiched the insulator. 
The research of the magnetic-reluctance film done the spin bulb mold 
using the antiferromagnetism film is briskly studied as an object for 
next-generation hard disk reading sensors, using this spin tunneling. 
[0024] Two sorts, the spin dispersion type which used the metal as a 
non-magnetic layer, and the spin tunnel type using an insulator, exist 



in a granular mold. In the spin dispersion mold which carried out point 
**, or a spin tunnel mold, the point which discovers GMR in the form for 
which it depends on the spin of each detailed magnetic particle 
distributed in the matrix in a granular mold to having clarified the 
role assignment for each class is a big difference. In the spin tunnel 
type of a Co/AlOx system, about 8% of MR ratio is obtained at the room 
temperature. 

[0025] In a CMR mold, the type made into the tunnel junction which put 
Mn oxide of a perovskite structure with the higher perovskite Mn oxide 

of the rate of spin polarization, the type which uses the layer 
structure in perovskite as a tunnel junction exist. Since the rate of 
spin polarization of a CMR mold is very high, in very low temperature, 
no less than 400% of MR ratio is obtained. 

[0026] It will be divided into a field inner raagnet-ized membrane type 
with a magnetization component parallel to a film surface, and a 
perpendicular-magnetic-anisotropy-films mold with a magnetization 
component perpendicular to a film surface if the magnetic material used 
for MRAM is classified according to the magnetization direction. 
Although the magnetization direction is a field inner magnet-ized 
membrane type parallel to a film surface, since magnetic poles will 
approach and an anti-field will become large if detailed-ization of the 
magnetic substance progresses, ferromagnetics, such as NiFe and Co, have 
the problem that the curling phenomenon of magnetization occurs, by this 
field inner magnet-ized film. If curling occurs, it will become 
difficult to distinguish the direction of magnetization. Therefore, in 
MRAM using the field inner raagnet-ized film, since shape anisotropy is 
given, it is necessary to consider as the configuration which looks at 
the ferromagnetic layer used as a memory cell superficially, and has a 
major axis (rectangle etc.). It is expected that the ratio of a 
rectangular major axis and a rectangular minor axis is required more 
than twice [ at least ]. Therefore, for curling phenomenon prevention, 
the size of a memory cell receives constraint and becomes the inhibition 
factor of the improvement in a degree of integration. 
[0027] On the other hand, when using the ferrimagnetic substance which 
consists of rare earth-transition metals, such as TbFe, TbFeCo, and GdFe, 
as a ferromagnetic layer, since the perpendicular magnetic anisotropy of 
these magnetic substance is high, it becomes thickness and the 
perpendicular magnetic anisotropy films which have magnetization 
perpendicularly to a film surface depending on a presentation. In the 
case of perpendicular magnetic anisotropy films, the direction of 
magnetization has turned to the film surface perpendicular direction 



where an anti-field is geometrical the largest, and when a perpendicular 
magnetic anisotropy is shown, the maximum demagnetization factor will 
already be overcome. That is, it is not necessary to make a memory cell 
into a rectangle like the field inner magnet-ized film, and the flat- 
surface configuration of a memory cell can be made into a square. 
Furthermore, if a component is made detailed, since a superficial area 
will become small compared with the direction of thickness which is an 
easy axis, in the viewpoint of shape anisotropy, the curling of 
magnetization becomes in the direction which cannot occur more easily. 
Therefore, the perpendicular-magnetic-anisotropy-f ilms mold is 
advantageous compared with a field inner magnet-ized membrane type, when 
improving the degree of integration of the memory cell section. 
[0028] The direction of a current is divided roughly into CPP 
(CurrentPerpendicular to the Plane) perpendicular to parallel CIP 
(Current In Plane) by how to pass the current over MRAM, or the method 
of arrangement of an electrode to a film surface. Each electrode 
structure is shown in drawing 6 . 

[0029] As shown in drawing 6 (a), CIP is the structure which the sense 
layer attached to the both-sides side of the memory cell which consists 
of the 1st magnetic layer / a non-magnetic layer / the 2nd magnetic 
layer, and a sense current flows in parallel with a film surface. The 
dotted line is illustrating one side of a sense layer among drawing 6 

(a) . In CIP, the magnetic-reluctance film of a spin dispersion mold is 
used. In that case, the sheet resistance of about lOohms and a sense 
line is set to 0. 05 ohms by resistance of one eel by sheet resistance. 
Moreover, magnetic-reluctance rate of change is small as compared with 
about 5 - 10%, and a spin tunnel mold. When carrying out series 
connection of many eels to a sense line with CIP structure and carrying 
out signal detection at the both ends, in order to make resistance 
change for one eel into a signal to the combined resistance which added 
together the resistance of the connected a large number eel, it is not 
easy to attain high SN. 

[0030] As shown in drawing 6 (b), CPP is the structure of the memory 
cell which consists of the 1st magnetic layer / a non-magnetic layer / 
the 2nd magnetic layer which the sense line attached up and down. A 
sense current flows between up-and-down sense lines perpendicularly to a 
film surface. The dotted line shows the up sense layer among drawing 6 

(b) . In CPP, it is good to use the magnetic-reluctance film of a spin 
tunnel mold, and resistance of one eel is the range about [ several 
kohms to ] several lOkomega in that case, and resistance is large 
compared with a sense line. Moreover, magnetic-reluctance rate of change 



also becomes about 10 - 30%, and is large as compared with a spin 
dispersion mold. That is, even if it connects the magnetic-reluctance 
film to a sense line, a sufficiently big resistance change is obtained, 
and therefore, high SN is obtained. 

[0031] With this CPP structure, in order to arrange a eel at the 
crossing of a sense line, when arranging many eels, each eel is 
connected to juxtaposition. With this configuration, since it can detect 
without seldom being influenced of other eels by passing a current to 
the sense line which intersects that eel when detecting resistance of a 
specific eel, compared with CIP structure, SN becomes high. Therefore, 
compared with CIP structure, CPP structure can form easily a matrix with 
it. [ there are many eels connectable with the sense line of one train, 
and large-scale ] That is, when putting in order and driving many memory 
cells as a memory device is considered, the CPP structure is more 
advantageous than CIP structure. 
[0032] 

[Problem (s) to be Solved by the Invention] In case differential 
detection is used in MRAM, "0" and "1" are identified by carrying out 
differential detection of the resistance change when passing the current 
of positive/negative by turns. In order to generate the current of 
positive/negative, a bipolar power supply is needed. When realizing a 
high-speed bipolar function, in order to reverse the sense of a current, 
it is important to change some switches to a high speed to- exact timing. 
If a gap arises to timing, a ringing and overshoot will occur in a 
current wave form. Since these cause malfunction, they must be 
controlled as much as possible. It becomes a problem, when the tooth 
space which optimization of the power circuit in consideration of the 
wiring capacity used as a delay element, load resistance, etc. is 
indispensable, and combines with transistor extension for switching 
function implementation, and a power circuit occupies increases and the 
degree of integration as memory is improved, in order to control a 
ringing and overshoot. Since it becomes the evil which raises a degree 
of integration, it also becomes the factor which makes a unit price high 
per bit of memory. 

[0033] Recently, instead of the headphone stereo cassette tape recorder 
of the Walkman type which used the tape medium as a field of the 
invention of solid-state memory, the MP3 player attracts attention. If 
it applies to an MPS player, the advantage of solid-state memory will be 
demonstrated by full in viewpoints, such as earthquake resistance, 
endurance, and a miniaturization. In addition, a mechanical drive part 
is not needed but the advantage of a low power can also be employed 



efficiently. Moreover, it replaces with the source only for playbacks 
currently supplied by CD, MD, etc., and it is assumed that supply of the 
source only for playbacks using solid-state memory is made. 
[0034] the case of MRAM where it uses for the needs only for such 
playbacks is considerable — a number of — ** — although it thinks, in 
case the spread is aimed at, the tooth-space cost of the exclusive 
bipolar power supply used for playback which is mentioned above cannot 
be disregarded. 

[0035] If signal regeneration of MRAM can be realized by passing the 
current pulse of one of positive/negative, the above-mentioned problem 
will be solved, the time of reproducing — a conductor — if a bipolar 
function becomes unnecessary in the power circuit added to a line, 
circuitry can be simplified and, in addition, a manufacturing cost will 
also fall. Moreover, constraint of the improvement in a degree of 
integration is lost, and it becomes possible to advance reduction of a 
unit price easily per bit. Signal regeneration using the current of one 
of the positive/negative of a certain thing in such a request was not 
realized. 

[0036] This invention solves the aforementioned technical problem, and 
the purpose of this invention is to offer the approach of reproducing 
the information on this MRAM, and the regenerative apparatus used for it 
only using offer of refreshable MRAM, and a forward or negative current 
pulse, without impressing the current pulse of positive/negative. 
Thereby, a MRAM property is improved and it aims at realizing cheap 
memory for more suitable computer peripheral with improvement in the 
speed of a circumference circuit. 
[0037] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly 
that it should solve in the above-mentioned technical problem, this 
invention persons produced refreshable MRAM, without impressing the 
current pulse of positive/negative, thereby, improved the MRAM property 
and made realizable cheap memory for more suitable computer peripheral 
with improvement in the speed of a circumference circuit. That is, this 
inventions are the magneto-resistive effect memory which has the 
configuration indicated in each item of (1) - (12) which carries out the 
following, and a regenerative apparatus shown in the playback approach 
of the information recorded on this magneto-resistive effect memory 
indicated in each term of - (15), and (13) (16) term. 
[0038] (1) Magneto-resistive effect memory characterized by having the 
magnetic-reluctance film which consists of the 1st magnetic layer / a 
non-magnetic layer / the 2nd magnetic layer formed on a substrate, and 



the magnetization fixed bed to which an one direction is made to carry 
out orientation of the magnetization direction of said 1st magnetic 
layer or the 2nd magnetic layer according to magnetic bonding strength. 
[0039] (2) Magneto-resistive effect memory given in the term (1) 
characterized by said magnetic bonding strength being switched 
connection force. 

[0040] (3) Magneto-resistive effect memory given in the term (1) 
characterized by said magnetic bonding strength being magnetostatic 
bonding strength. 

[0041] (4) said magnetic-reluctance film — receiving — said substrate 
and opposite side — a conductor — magneto-resistive effect memory 
given in the term (1) characterized by arranging the line. 
[0042] (5) Magneto-resistive effect memory given in the term (1) 
characterized by said non-magnetic layer consisting of a conductor. 
[0043] (6) Magneto-resistive effect memory given in the term (1) 
characterized by said non-magnetic layer consisting of an insulator. 
[0044] (7) Magneto-resistive effect memory given in any 1 term of term 
(l)-(6) to which said magnetization fixed bed is characterized by having 
the same lamination as said magnetic-reluctance film. 
[0045] (8) Magneto-resistive effect memory given in any 1 term of term 
(l)-(6) to which said magnetization fixed bed is characterized by having 
different lamination from said magnetic-reluctance film. 
[0046] (9) Magneto-resistive effect memory given in any 1 term of term 
(l)-(8) to which the magnetization direction of said magnetic-reluctance 
film is characterized in general by being field inboard to a film 
surface. 

[0047] (10) Magneto-resistive effect memory given in the term (7) to 
which easy-axis lay length L of said magnetic-reluctance film and die- 
length P of the magnetization fixed bed are characterized by being 
chosen as the range of P/L>2. 5. 

[0048] (11) Term (l)-(6) to which the magnetization direction of said 
magnetic-reluctance film is characterized in general by the 
perpendicular thing to a film surface, or magneto-resistive effect 
memory given in any 1 term of (8). 

[0049] (12) Magneto-resistive effect memory given in the term (11) 
characterized by preparing the non-magnetic layer which has conductivity 
between said magnetic-reluctance film and said magnetization fixed beds. 
[0050] (13) The playback approach characterized by detecting information 
recorded by impressing the current field of an one direction to said 
magnetic-reluctance film, and detecting magnetic-reluctance change in 
case the information recorded on magneto-resistive effect memory given 



in a term (l) is reproduced. 

[0051] (14) the conductor arranged near the magnetic-reluctance film 
which consists of a magnetic layer / a non-magnetic layer / a magnetic 
layer, and said magnetic-reluctance film — with a line In the magneto- 
resistive effect memory which has the magnetization fixed bed to which 
an one direction is made to carry out orientation of the magnetization 
direction of one magnetic layer of said magnetic-reluctance film In the 
approach of reproducing information currently recorded on the line by 
the sink and said memory layer in the current as the memory layer which 
records a playback layer and information for two magnetic layers of said 
magnetic-reluctance film — using — said conductor — A line is made to 
generate the current magnetic field of the one direction according the 
current of only the any 1 direction of positive/negative to the current 
of said one direction to the field of a sink and said magnetic- 
reluctance film, said conductor — The orientation of the magnetization 
of said playback layer is made to carry out in the direction of the 
magnetic field generated according to the current of said one direction. 
The playback approach characterized by detecting magnetic-reluctance 
change which is a difference with the resistance of said magnetic- 
reluctance film in the condition that the resistance and said magnetic 
field of said magnetic-reluctance film in the condition that said 
magnetic field was impressed are not impressed, and reproducing recorded 
information. 

[0052] (15) The playback approach given in the term (12) characterized 
by carrying out orientation of the magnetization of said playback layer 
in the magnetization direction of said magnetization fixed bed 
established near said magnetic-reluctance film in the condition that 
said magnetic field is not impressed. 

[0053] (16) The regenerative apparatus characterized by having a means 
to supply the current of the one direction used in order to reproduce 
information recorded on magneto-resistive effect memory according to the 
playback approach indicated in any 1 term of a term (13), (14), or (15), 
and a means to detect magnetic-reluctance change. 
[0054] 

[Embodiment of the Invention] the conductor which replaces with it and 
is arranged near the magnetization fixed bed and the magnetic-reluctance 
film in MRAM of this invention at the flux reversal of a playback layer 
although the means which changes the impression direction of a current 
for the current conventionally passed to a word line at the time of 
playback of recording information to positive/negative in pulse is used 
— a means to impress only the pulse current by the side of plus or 



minus to a line is combined. 

[0055] MRAM of this this invention is explained in more detail about 
that configuration and the playback approach of recording information 
using a drawing below. 

[0056] The magnetization fixed bed is a magnetic layer to which is 
arranged near the magnetic-reluctance film and applied the field 
beforehand and which the one direction was made to carry out orientation 
first. Even if the function of this magnetization fixed bed removes an 
external magnetic field, it is making the situation of having 
magnetization by desired coercive force. If the quality of the material 
and thickness of the magnetization fixed bed are suitably chosen by the 
property of the magnetic-reluctance film and achieve an above-mentioned 
function with it, they will not be restricted to the configuration of 
the following examples, 

[0057] The magnetization fixed bed is arranged near spatial to 1 set of 
magnetic-reluctance film used as a memory cell. A function impresses a 
field in the direction of an easy axis of the magnetic film which 
constitutes the magnetic-reluctance film, the initialization field which 
applied to which and set up the field from the exterior beforehand is 
held, and the current generating magnetic field which reproduces a 
signal keeps constant the magnetization direction of the 1st magnetic 
layer used as a playback layer in approximation at the time of zero. For 
this reason, the relation of the magnetization direction of the 1st 
magnetic layer and the 2nd magnetic layer can identify parallel or anti- 
parallel in [ a regenerative-current generating magnetic field ] 
approximation at the time of zero. That is, a signal is detectable by 
impressing the current of one of positive/negative, one conductor — it 
can be determined as arbitration which is made forward (plus) among the 
two directions of the current passed on a line or whether it considers 
as negative (minus). 

[0058] There are various approaches in production of this magnetization 
fixed bed. In case a memory cell is produced, some magnetic-reluctance 
film which formed membranes can be diverted as the magnetization fixed 
bed. Moreover, a different magnetic material apart from the magnetic- 
reluctance film of a memory cell may be formed, and the magnetization 
fixed bed may be prepared in the location which adjoins a memory cell. 
The bias field impression means in the magnetic head for hard disk 
stores currently indicated, for example in JP, 10-312514, A etc. as a 
means to have the function of this magnetization fixed bed may be used. 
[0059] The case where the spin dispersion film of the field inner 
magnet-ized film is used for the magnetization fixed bed is taken for an 



example, and an operation of this invention is explained. An example of 
the configuration of a memory cell is shown in drawing 1 . As for the 
1st ferromagnetic layer, and 12, 22 and 32, for 1, a non-magnetic layer, 
and 13, 23 and 33 are [ a substrate, and 11, 21 and 31 ] the 2nd 
ferromagnetic layer. 11, 12, and 13 are doubled, the magnetic-reluctance 
film 10 doubles 21, 22, and 23, the magnetization fixed bed 20 doubles 
31, 32, and 33, and the magnetization fixed bed 30 is formed. 41 — a 
buffer layer and 51 — a conductor — a line is shown, a conductor — a 
line 51 exists in right above [ of the magnetic-reluctance film 10 ] 
through an insulating layer (not shown), and by drawing 1, in order to 
make it legible, it is divided and displayed on 51a and 51b. 
[0060] at the time of informational record and playback, a sense current 
passes in the direction of an arrow head 100 in order of the 
magnetization fixed bed 20, the magnetic-reluctance film 10, and the 
magnetization fixed bed 30 ~ having ~ a conductor — a WORD current is 
passed by the line 51 in the direction of arrow heads 101a and 101b. 
Both the 1st ferromagnetic layer 21 of the magnetization fixed bed 20 
and the 1st ferromagnetic layer 31 of the magnetization fixed bed 30 are 
magnetized in the fixed direction within a field, and the magnetization 
carries out orientation of the 1st ferromagnetic layer 11 of the 
magnetic-reluctance film 10 according to the sense of the magnetization. 
Informational record and playback are performed by the synthetic field 
which a sense current and a WORD current generate by changing the 
magnetization direction of the 1st a little more than magnetic layer 11 
of the magnetic-reluctance film 10. 

[0061] Sense line lay length used as the memory cell of the magnetic- 
reluctance film 10 using the field inner magnet-ized film shown in 
drawing 1 is set to L, and the die length of W and the magnetization 
fixed bed is set to P for width of face. P is equivalent to spacing with 
the following memory cell, when many memory cells are located in a line. 
[0062] Here, if it is chosen as the range of P/L>2. 5, even if it will 
not shake a WORD current at both directions of positive/negative, 
playback of a signal can be performed only in forward or the negative 
current pulse which generates a field opposite to the initialization 
magnetization direction which impressed and set up the external magnetic 
field beforehand. That is, since the 1st magnetic layer 11 of the 
magnetic-reluctance film 10 is enclosed by the magnetization fixed beds 
20 and 30 which turned to the initialization magnetization direction, 
its inclination to follow in the same direction as these both 
magnetization direction is strong, for example, — if a WORD current 
serves as zero and the current magnetic field impressed to the- 1st 



magnetic layer 11 (playback layer) of the magnetic-reluctance film 10 
becomes zero mostly, when it is anti-parallel to the 2nd ferromagnetic 
layer (memory layer) in which the aforementioned initialization 

magnetization direction wrote the signal of "1" — anti it will be 

stabilized in the condition [ **** ]. 

[0063] Therefore, by the existence of the current pulse which generates 
a field opposite to the initialization magnetization direction, in the 
case of "0", it changes from high resistance to low resistance, and, in 
the case of "1", changes from low resistance to high resistance. If 

differential detection of this change is carried out, discernment of "0" 
and "1" is possible at a high speed. 

[0064] The problem that a current big in case that P/L is larger than 
2. 5 records a signal as becoming but excessive required is needed like 
drawing 1 when using the spin dispersion film of a field inner magnet- 
ized membrane type as the magnetization fixed bed, or a signal 
regeneration margin becomes small occurs. Moreover, the smaller one is 
desirable also from a viewpoint of a degree of integration. Therefore, 
P/L is made or less into 50 and is good more desirably to choose it as 
the range of 2. 5-10. 

[0065] Although L and P are closely related to the amount of currents 
which the playback takes in the playback approach of using only the 
pulse current of one of the posit ive/negative of this invention, W is 
not concerned greatly. However, when W becomes small, the magnetization 

direction is in the inclination whose WORD current required for signal 
regeneration whose energy of the flux reversal at the time of playback 
increases, and increases, in order to be limited to a component parallel 
to L. 

[0066] This phenomenon is further explained in full detail using drawing 
1. The initialization magnetization direction which impressed and set up 
the external magnetic field beforehand to the whole memory array is made 
into the direction of -X. Therefore, the magnetic-reluctance film 10 in 
the case of passing no currents and the magnetization direction of the 
magnetization fixed beds 20 and 30 are the directions of -X. if the 
effect of the field which a sense current generates will not be 
considered in order to simplify explanation although the magnetization 
direction is decided by the synthetic field by the sense current and the 
WORD current on XY flat surface in fact — the magnetization direction 
of a memory cell — a conductor — it is decided in the **X direction 
with the directions 102a and 102b of a generating field of a WORD 
current and the magnitude of a field which flow a line 51. 
[0067] First, the case where the current of the positive/negative which 



is the conventional playback approach is passed first is considered. The 
field which will be generated if a WORD current is passed in the 
direction of arrow-head 101a becomes in the direction of arrow-head 102a. 
If a field stronger than the coercive force of the 1st magnetic layer 11 
is generated, magnetization of the 1st magnetic layer 11 will turn to 
the direction of arrow-head 102a. the 1st magnetic layer 11 — a 
conductor — since it is located under a line 51, the magnetization 
direction is the direction of +X. Next, if a WORD current is passed in 
the direction of arrow-head 101b, a field will be reversed in the 
direction of arrow-head 102b, and the magnetization direction of the 1st 
magnetic layer 11 will become in the direction of -X. Since the 
magnetization direction of the 2nd magnetic layer 13 is still the 
direction of -X made into the initialization magnetization direction, 
according to change of a WORD current, the relation of the magnetization 
direction of the 1st magnetic layer and the 2nd magnetic layer changes 
from anti-parallel to parallel. Therefore, resistance change observed by 
the direction of +X and the degree according to the WORD current which 
generates the field of the direction of -X turns into change to the low 
resistance from high resistance. This is in the condition of "0." 
[0068] If a WORD current is passed in order of arrow heads 101a and 101b 
like "0" in the case of "l", the field to generate will change in order 
of arrow heads 102a and 102b, and the magnetization direction of the 1st 
magnetic layer 11 will change in the direction of -X from +X. Since the 
magnetization direction of the 2nd magnetic layer 13 is the direction of 
+X in "1", according to change of a WORD current, the relation of the 
magnetization direction of a magnetic layer and the 2nd magnetic layer 
changes from parallel to anti-parallel. Therefore, resistance change 
observed is doubled with the direction of +X, and the current which 
generates the field of the direction of -X next, and turns into change 
to the high resistance from low resistance. This is in the condition of 
"1. " 

[0069] Next, playback by the playback approach of this invention, i.e., 
the pulse current of one of positive/negative, is explained. What is 
necessary is just to pass the WORD current which generates the field of 
the direction of +X, since a signal is detectable by the current pulse 
which generates a field opposite to the initialization magnetization 
direction even if it does not shake a WORD current at positive/negative. 
If it says with the sense of a field in drawing 1, it will be arrow-head 
102a and will be the direction of arrow-head 101a with a WORD current. 
[0070] In the case of "0", the magnetization direction of the 2nd 
magnetic layer 13 is the direction of -X. If a WORD current is passed in 



the direction of arrow-head 101a, magnetization of the 1st magnetic 
layer 11 will be suitable in the direction of +X. On the other hand, 
when not passing WORD current 101a, since the magnetization direction of 
the magnetization fixed beds 20 and 30 which enclose a perimeter is the 
direction of -X, the magnetization direction of the 1st magnetic layer 
11 is the same direction of -X as the neighboring magnetization fixed 
beds 21 and 31. Therefore, it becomes low resistance from high 
resistance by the existence of a WORD current at the time of "0. " This 
expresses "0. " 

[0071] In the case of "1", the magnetization direction of the 2nd 
magnetic layer 13 is the direction of +X. If a WORD current is passed in 
the direction of arrow-head 101a, magnetization of the 1st magnetic 
layer 11 will be suitable in the direction of +X. On the other hand, 
when not passing WORD current 101a, the magnetization direction of the 
1st magnetic layer 11 is the same direction of -X as the neighboring 
magnetization fixed beds 21 and 31. This is because magnetic association 
of the magnetization fixed beds 20 and 30 which enclose a perimeter is 
stronger than the 2nd magnetic layer 13 which turned to the direction of 
+X. Therefore, it becomes high resistance from low resistance by the 
existence of a WORD current at the time of "1." This expresses "1." 
[0072] That is, although two current pulses of positive/negative are 
impressed and the magnetization direction of the 1st magnetic layer 11 
is reversed by the usual playback approach, the signal of "0" and "V 
can be read by the playback approach of this invention by restoring the 
magnetization direction of the 1st magnetic layer 11 temporarily 
reversed by the forward or negative current pulse to origin in an 
operation of the above-mentioned magnetization fixed bed. 
[0073] The difference between the playback approach in MRAM of this 
invention and the playback approach in the conventional MRAM which does 
not prepare the magnetization fixed bed is further explained to a detail 
using the minor loop Fig. of a field-MR ratio. Drawing 11 is a minor 
loop when not preparing the magnetization fixed bed, and is equivalent 
to the conventional playback approach. It is equivalent to the condition 
that drawing 11 (a) recorded "\" on "O", and drawing 11 (b) recorded it 
on the 2nd magnetic layer 13. Although the magnetic-field-strength width 
of face**H added at the time of playback is larger than the coercive 
force of the 1st magnetic layer 11 here, it is level smaller than the 
coercive force of the 2nd magnetic layer 13. In addition, drawing 
showing typically the magnetization condition of each magnetic layer in 
the magnetic-field-strength **H aforementioned maximum by the arrow head 
is appended to the both ends in drawing. Moreover, the notation has 



shown each class of memory. As well as the minor loop, the direction of 
a course of a hysteresis was written by the arrow head. To "0" of 
drawing 11 (a), if +H field is impressed, magnetization of the 1st 
magnetic layer 11 was reversed, and will be high resistance become anti- 
parallel by the magnetization direction of both magnetic layers (MR 
size), even if it returns to a zero field from here, in order that 

residual magnetization may remain — anti a condition [ **** ] is 

maintained. In order to return to an parallel low resistance condition 
(MR smallness), it is necessary to generate a field in the direction of 
-H. If -H field is impressed, magnetization of the 1st magnetic layer 11 
will be reversed, and the magnetization direction of both magnetic 
layers will serve as anti-parallel, as considering the condition that 
"1" was recorded on the 2nd magnetic layer 13 shown in drawing 11 (b) on 
the other hand, but in order to return to an parallel condition after 
that, it is necessary to impress the field of the direction of +H. That 
is, when the current pulse of both positive/negative is used for the 
conventional MRAM in the case of playback and it did not generate the 
field of **H both directions, it was what cannot check the phenomenon 
which standup change of a magnetic-reluctance signal has reversed by "0" 
and "1. " 

[0074] The minor loop of the field-MR ratio at the time of the playback 
in MRAM of this invention which prepares the magnetization fixed bed in 
drawing 12 is shown. + MRAM shown in drawing 1 in case the field of the 
direction of H is generated — a conductor — pass the current of the 
direction of arrow-head 101a on a line. It is equivalent to the 
condition that drawing 12 (a) recorded "1" on "0", and drawing 12 (b) 
recorded it on the 2nd magnetic layer 13. Moreover, drawing showing 
typically the magnetization condition of each magnetic layer in the 
magnetic-field-strength **H aforementioned maximum by the arrow head is 
appended to the both ends in drawing. Moreover, the notation has shown 
each class of memory. As well as the minor loop, the direction of a 
course of a hysteresis was written by the arrow head. In the minor loop 
of MRAM of this invention, it shifts in the direction of +H compared 
with drawing 11 according to the effectiveness of the magnetization 
fixed beds 20 (21, 22, 23) and 30 (31, 32, 33). Specifically, the core 
(a dotted line shows among drawing) of a hysteresis has deviated in the 
direction of shift-amount +H shown by the arrow head. If it returns to a 
zero field once the direction of +H carries out field impression in 
connection with it, magnetization of the 1st magnetic layer 11 will 
return to the original condition according to an operation of 
magnetization of the magnetization fixed bed. namely, the condition that 



"0" was recorded on the 2nd magnetic layer 13 — ( — if it returns to a 
zero field after impressing drawing 12 (a)) and +H field, it will change 
from high resistance to low resistance (MR size -> smallness). It is "1" 
to the 2nd magnetic layer 13. In the condition of having been recorded, 
if it returns to a zero field after impressing ( drawing 12 (b)) and +H 
field, it will change from low resistance to high resistance (MR 
smallness -> size). Therefore, the check of the phenomenon which how 
[ that "0" starts only by the current pulse which generates the field of 
the direction of +H ] depending on which a signal starts by "1" reverses, 
i. e. , playback of a record signal, is attained. 
[0075] Drawing 9 is the sectional view showing typically the 
magnetization condition of the 1st magnetic layer when making the 
current generating magnetic field by the WORD current into zero in 
approximation, and the 2nd magnetic layer in MRAM of this invention of a 
configuration of being shown in drawing 1 . Drawing 9 (a) shows the 
condition that drawing 9 (b) recorded "l" for the condition of having 
recorded "0" on the 2nd magnetic layer 13, respectively. Each 
magnetization direction of the 1st magnetic layer 11 has turned to the 
same initialization magnetization direction as the magnetization fixed 
beds 20 and 30 pinched from right and left. If the WORD current of the 
shape of a pulse which goes to a front face from a rear face to space is 
impressed from this condition, since the magnetization direction of the 
1st magnetic layer 11 will be reversed only in the meantime, signal 
regeneration becomes possible. 

[0076] It is also possible to use the magnetization fixed beds 62 and 63 
by magnetic material which this magnetization fixed bed is not 
restricted to the spin dispersion film shown in drawing 1 , and is 
different from the magnetic-reluctance film like drawing 2 . When using 
the magnetization fixed bed of different lamination from such magnetic- 
reluctance film, spacing of P can be packed compared with the case where 
the spin dispersion film is used. In this case, P can be shortened by 
transposing the same magnetization as the magnetization fixed beds 20 
and 30 by the spin dispersion film of the die length of P to the 
magnetic material which it has by the fewer volume, and it is possible 
to improve a degree of integration. What is necessary is for the 
magnetic material to be used, lamination, etc. just to adjust suitably 
the relation between die-length P of the magnetization fixed bed, and 
die-length L of the magnetic-reluctance film according to the pulse-like 
current value of one of the positive/negative used in the case of 
playback. 

[0077] In the above-mentioned operation gestalt, the magnetic-reluctance 



film and the magnetization fixed bed are prepared [ near the pole ], and, 
as for the magnetic bonding strength in that case, the switched 
connection force is dominant. 

[0078] Also when an operation and function of the magnetization fixed 
bed explained above are not limited to the spin dispersion film and 
applied to MRAM of other classes, the same operation is acquired 
theoretically. For example, when the spin tunnel film of the field inner 
magnet-ized film is used for memory cell structure, it can use in the 
direction of an easy axis of a sense line as the magnetization fixed 
beds 20 and 30 by leaving the spin tunnel film continuously like drawing 
3 like the case of the spin dispersion film shown in drawing 1 . In this 
case, in order to prevent a current flowing into a contiguity memory 
cell, it is required to open a tooth space PI and to prepare the 
magnetization fixed bed. Moreover, even if the magnetization fixed bed 
does not use the spin tunnel film, it may form the magnetization fixed 
beds 62 and 63 by different magnetic material from the magnetic- 
reluctance film like drawing 4 . In that case, die length P2 can be 
shortened by transposing the same operation as the magnetization fixed 
beds 20 and 30 using the spin tunnel film of the die length P2 shown in 
drawing 3 to the magnetic material attained by the. fewer volume. Spacing 
(P1+P2+P1) with the adjoining memory cell can be narrowed by that cause, 
and it becomes possible to raise a degree of integration further. What 
is necessary is for the magnetic material to be used, lamination, etc. 
just to adjust suitably spacing PI, the die length P2 of the 
magnetization fixed bed, and the relation of die-length L of the 
magnetic-reluctance film also in the configuration which uses the spin 
tunnel film for the magnetic-reluctance film according to the pulse-like 
current value of one of the positive/negative used in the case of 
playback. In addition, since the effectiveness of the magnetization 
fixed bed will not be attained if spacing PI is enlarged, it is usually 
P2»P1. Therefore, the die length P2 of the magnetization fixed bed is 
equivalent to spacing with the memory cell which adjoins substantially 
with a spin tunnel mold as well as die-length P of the magnetization 
fixed bed in a spin dispersion mold. 

[0079] In the aforementioned operation gestalt, magnetostatic bonding 
strength is committing magnetic bonding strength dominantly from the 
physical relationship of the magnetic-reluctance film and the 
magnetization fixed bed. 

[0080] In case a memory cell is arranged in the shape of a matrix, the 
magnetization fixed bed does not work only to one memory cell, and the 
same effectiveness is brought about also to the adjoining memory cell. 



Drawing 10 is other examples which prepared the magnetization fixed bed 
by another magnetic material on the spin tunnel film, and expresses the 
example of a configuration which memory-array- i zed the magnetic- 
reluctance film to 3x3. The display of the sign about the component part 
which is not used for explanation and a name is omitted on a drawing, 
moreover, the conductor located on the magnetic-reluctance film 103 and 
203 and 303 since it is necessary to attain visualization on account of 
explanation — the line is omitted, original ~ magnetic-reluctance film 
103 and 203 and 303 top — a conductor — a line -- a conductor — it is 
arranged in parallel with lines 701 and 702. For example, the 
magnetization direction is mainly fixed to the both sides of the 
magnetic-reluctance film 203 and 202 by the magnetization fixed bed 623. 
Furthermore, though it is weak, it has the operation which fixes the 
magnetization direction also to the magnetic-reluctance film 102, 103, 
302, and 303 in the perimeter. 

[0081] In MRAM of this invention, the high non-magnetic material 
substrate of surface smoothness, such as Si wafer, a quartz, and SOI, is 
used for a substrate, the production approach of a SOI substrate — 
ELTRAN ~ law and SIMOX ~ various methods, such as law, are applicable. 
As for the crystal orientation of Si on the front face of a substrate, 
(100) is desirable in that case. 

[0082] In case the magnetic-reluctance film is formed on said substrate, 
a buffer layer adjusts surface free energy at the bottom from the 1st 
magnetic film, and it is inserted in order to realize interface 
structure where surface smoothness is more high. Although the insulator 
of various metals, such as Ta, Cu, and Cr, SiN, Si02, and aluminum203 
grade is used, it is not necessary to insert depending on how to choose 
a substrate ingredient and the ingredient of the magnetic-reluctance 
film. The range of 2-lOnm is suitable for the thickness of a buffer 
layer. This is because there is a problem of the membraneous 
ununiformity by island-shape growth depending on the membrane formation 
approach when thinner than 2nra, and there is a problem of a productivity 
slowdown on the other hand when thicker than lOnm. 

[0083] In the case of the spin dispersion film, a conductor is used as a 
non-magnetic layer. Although Cu, Ag, Au, aluminum, Mg, etc. are used, Cu 
is used more suitably. The range of 1-lOnm is suitable for the thickness 
of a non-magnetic layer. When there is fear of pinhole generating by 
island-shape growth, magnetic reluctance may not be discovered in less 
than Inm with the interaction of both magnetic layers and it exceeds 
lOnm on the other hand by the membrane formation approach, since spacing 
between both magnetic layers is too large to an electronic mean free 



path and spin dependency dispersion decreases, this is because magnetic 
reluctance becomes small. 

[0084] In the case of the spin tunnel film, an insulator is used as a 
non-magnetic layer. As an insulator, although oxides and nitrides, such 
as aluminum, Si, Cu, and Mg, are used, aluminum oxide with the Fermi 
level near other magnetic layers is used more suitably. The range of 
0. 5-5nm is suitable for the thickness of a non-magnetic layer. When 
there is fear of pinhole generating by island-shape growth, magnetic 
reluctance may not be discovered in less than 0. 5nm with the interaction 
of both magnetic layers and it exceeds 5nm on the other hand by the 
membrane formation approach, since spacing between both magnetic layers 
is too large to an electronic mean free path and a tunneling probability 
decreases, this is because magnetic reluctance becomes small. 
[0085] The combination of the 1st magnetic layer which is the component 
of the magnetic-reluctance film, and the 2nd magnetic layer may consist 
of soft magnetic materials and a hard magnetic material, and the 
combination which not only the combination that the 1st magnetic layer 
uses as a soft magnetism layer, and the 2nd magnetic layer uses as a 
hard magnetism layer but the 1st magnetic layer uses as a hard magnetism 
layer, and the 2nd magnetic layer uses as a soft magnetism layer may be 
used. Soft magnetic materials function as a playback layer, in order 
that magnetization may be easily reversed. Compared with soft magnetic 
materials, since it is hard to reverse magnetization, a hard magnetic 
material functions as a memory layer. In addition, it sets to this 
invention, and distinction of soft magnetic materials and a hard 
magnetic material is defined by the size relation of the coercive force 
between two ferromagnetic layers, and makes relatively what has large 
coercive force a hard magnetic material. 

[0086] Moreover, functions may be indicated to be the 1st magnetic layer 
and the 2nd magnetic layer, and although there is also a case of the 
monolayer which consists of a single element, the multilayer structure 
of various alloys is sufficient as each magnetic layer itself. For 
example, in order to make it function as a hard magnetic material, what 
carried out pinning as the two-layer structure of Co with a thickness of 
5nm and FeMn with a thickness of 30nm can be used as the 1st (or the 
2nd) magnetic layer. As the 1st magnetic layer and the 2nd magnetic 
layer, the ferrimagnetic substance, such as ferromagnetic ingredients, 
such as nickel, Fe, Co, NiFe, NiFeCo, FeCo, and CoFeB, and TbFe, TbFeCo, 
GdFe, is used. The presentation of these 2 magnetic layer is suitably 
adjusted so that the coercive force may differ. It is suitable for the 
thickness of the 1st magnetic layer and the 2nd magnetic layer to choose 



it as the range of 2-lOOnm. 

[0087] When the direction of magnetization has turned to the film 
surface perpendicular direction where an anti-field is geometrical the 
largest in the case of perpendicular magnetic anisotropy films and a 
perpendicular magnetic anisotropy is shown, the maximum demagnetization 
factor is already overcome. Therefore, even when a component is made 
detailed, it is hard to generate curling. Moreover, since it is not 
necessary like the field inner magnet-ized film to make a superficial 
configuration into a rectangle in order to prevent curling, when 
improving the degree of integration of the memory cell section, 
perpendicular magnetic anisotropy films are advantageous compared with 
the field inner magnet-ized film. 

[0088] Drawing 13 is drawing showing the example of a configuration of 
the spin tunnel structure where perpendicular magnetic anisotropy films 
were used as a ferromagnetic layer. In drawing 13 , it superimposes on 
the magnetic-reluctance film 10 which consists of the 1st magnetic layer 
11, a non-magnetic layer 12, and the 2nd magnetic layer 13, and there 
are a non-magnetic layer 64 and the magnetization fixed bed 62. between 
a substrate 1 and the magnetic-reluctance film 10 — a conductor — a 
line 71 — the magnetization fixed-bed 62 top ~ a conductor — there is 
a line 72 and it functions as a lower sense line and an up sense line, 
respectively, the sense current which carries out signal regeneration ~ 
a conductor — a line 71, the magnetic-reluctance film 10, a non- 
magnetic layer 64, the magnetization fixed bed 62, and a conductor — 
between lines 72 is flowed, an insulator layer — minding — a conductor 
— there is a line 51 and it functions as a word line which generates a 
current field near the magnetic-reluctance film. As long as the 1st 
magnetic layer 11 and the magnetization fixed bed 62 are in near in 
location, the order of a laminating of the magnetic-reluctance film and 
the magnetization fixed bed may be reverse. 

[0089] In the zero state, signs that the magnetization direction of the 
1st magnetic layer 11 is being fixed to the same direction are typically 
expressed with work of the magnetization fixed bed 62 to drawing 13 
using the arrow head in [ a current field ] approximation. The arrow 
head in the magnetization fixed bed 62, the 1st magnetic layer 11, and 
the 2nd magnetic layer 13 shows each magnetization direction, the case 
of signal regeneration — a conductor — the sense of the 1st magnetic 
layer 11 is reversed with the synthetic field of the field by the WORD 
current passed on a line 51, and the field by the sense current, and the 
condition of "0" and "1" can be judged with combination with the 
magnetization direction of the 2nd magnetic layer. In this case, the 



magnitude of the magnetic bonding strength committed between the 
magnetization fixed bed 62 and the 1st magnetic layer 11 is adjusted by 
changing the thickness of a non-magnetic layer 64. It is suitable for 
the thickness of a non-magnetic layer 64 to choose it as the range of 
2nm - 20nm. Although this is based also on the ingredient and thickness 
of the magnetization fixed bed 62, the magnetic bonding strength of the 
magnetization fixed bed 62 and the 1st magnetic layer 11 will become it 
large that it is less than 2nm too much, it will carry out, the effect 
of the magnetization fixed bed 62 concerning the 1st magnetic layer 11 
will become large too much, and its WORD current required for playback 
will increase. On the other hand, if it exceeds 20nra, since the 
effectiveness of the magnetization fixed bed 62 will be hard to be 
acquired, it is because it is necessary to increase the volume of the 
magnetization fixed bed 62 and to change into the magnetic material with 
the large magnetization per unit volume in enlarging magnetization. 
[0090] Also when perpendicular magnetic anisotropy films are used, even 
if it does not shake a WORD current at both directions of 
positive/negative by [, such as thickness and an ingredient ] choosing 
conditions suitably, playback of a signal can be performed only in 
forward or the negative current pulse which generates a field opposite 
to the initialization magnetization direction which impressed and set up 
the external magnetic field beforehand. 

[0091] Although the magnetic-reluctance film which consists of the 1st 
magnetic layer / a non-magnetic layer / the 2nd magnetic layer functions 
as a memory cell, the magnitude of the plane-of-composition product is 
suitably determined according to the process and use application to be 
used. Since the resistivity standardized in the area of the magnetic- 
reluctance film is about two 10-5ohmcm, two or less [ which suits to the 
value (several kohms) of the on resistance of a transistor which drives 
a memory cell / 1-micrometer ] are suitable for it. 
[0092] the conductor on the magnetic-reluctance film — organic 
materials, such as inorganic materials, such as Si02, and SiN, aluminum 
203, and novolak resin, are used for the insulating layer prepared 
between lines. If the thickness of an insulating layer is decided by 
required withstand voltage to the power impressed to a sense line or a 
word line and is chosen as the range of 5-lOOOnm, it is suitable. 
[0093] In the case of the spin dispersion film, the synthetic field 
which a sense current and a WORD current generate performs informational 
writing. In the case of the spin tunnel film, it realizes by generating 
a field using the sense current passed to either of the vertical sense 
lines, or both, and determining the magnetization direction of a memory 



layer. Or the field by the WORD current established through the 
insulating layer may be used. Record can be ensured when using a word 
line. 

[0094] a conductor — conductive high ingredients, such as aluminum, and 
Cu, Au, are used for a line, a conductor — the thickness of a line is a 
rule thing in the current and line breadth to impress, and is chosen as 
the range of 100-lOOOnra — having — a conductor — a line is used for 
informational record and playback. 

[0095] The micro-processing patterning technique represented by 
photolithography can perform easily processing to each the above- 
mentioned ingredient and layer. A membrane formation process can apply 
various well-known approaches, such as vacuum evaporationo, sputtering, 
and MBE. 
[0096] 

[Example] An example is given to below and this invention is explained 
more concretely. In addition, although the following examples are 
examples of the gestalt of the best operation of this invention, this 
invention does not receive limitation according to these examples. 
[0097] (Example 1) An example of the structure of MRAM of this invention 
used for drawing 1 by this example is shown. Drawing 1 shows the 
configuration which prepared the magnetization fixed bed of the same 
lamination as this magnetic-reluctance film to the spin dependence 
dispersion mold magnetic-reluctance film of the field inner magnet-ized 
film. Co is used as Cu and 2nd ferromagnetic layer of 13, 23, and 33 as 
a non-magnetic layer of nickelSOFe 20, 12, 22, and 32 as Si wafer and 
1st ferromagnetic layer of 11, 21, and 31 as a substrate of 1. 11, 12, 
and 13 are doubled, the magnetic-reluctance film 10 doubles 21, 22, and 
23, the magnetic fixed bed 20 doubles 31, 32, and 33, and the magnetic 
fixed bed 30 is formed, as the buffer layer of 41 — SiN and the 
conductor of 51 — aluminum is used as a line, a conductor — the line 
51 exists through the insulating layer SiN which is not illustrated 
right above [ of the magnetic-reluctance film 10 ], and by drawing 1, in 
order to make it legible, it is divided and displayed on 51a and 51b. 
[0098] A photolithography and lift off were used together in processing 
of a component, and the component pattern was formed in it. Drawing 7 

(a) - (f) is drawing showing the processing procedure. As for (b), 
drawing 7 (c), (d) and drawing 7 (e), and (f), the top view, drawing 7 

(b) , (d), and (f) have shown the sectional view in the X-X' line in said 
top view to drawing 7 (a), (c), and (e) for the pair for each [ nothing 
and ] process of every, respectively. [ drawing 7 (a), ] 

[0099] First, in order to form membranes to die-length L+2P and the 



component pattern of width of face W which are shown in drawing 7 (a), 
an isomorphism-like resist mask is produced by the photolithography. The 
substrate which prepared the membrane formation mask is put into a 
sputtering system, and membranes are formed. On the conditions of 5x10 - 
5 or less Pa of ultimate-pressure force, sequential membrane formation 
of the Co which are Cu and the 2nd magnetic layer 13, 23, and 33 which 
are nickel80Fe20 and the non-magnetic layers 12, 22, and 32 which are 
SiN and the 1st magnetic layer 11, 21, and 31 which are buffer layers 41 
is carried out. For SiN, lOnm and nickel80Fe20 are [ the thickness / 5nm 
and Co of lOnm and Cu ] lOnm. Here, nickel80Fe20 of the 1st magnetic 
layer is soft magnetic materials, and as a playback layer, Co of the 2nd 
magnetic layer is a hard magnetic material, and it functions as a memory 
layer. At the time of membrane formation, the permanent magnet is 
arranged so that it may have the same magnetic anisotropy as the 
direction of a substrate front face. Magnetic field strength which a 
permanent magnet generates was set to 200e(s) focusing on measurement. 
The laminated structure which shows a cross-section configuration to 
drawing 7 (b) is obtained by an acetone's performing ultrasonic cleaning 
after membrane formation, and removing and carrying out lift off of the 
excessive film deposited on a resist to a resist and coincidence. 
[0100] Next, a resist mask is produced by the photolithography so that 
it may become the insulator layer of the flat-surface configuration 
shown in drawing 7 (c). The substrate which prepared the mask is put 
into a sputtering system, and SiN is formed 350nm in thickness. The 
insulator layer SiN which shows a cross-section configuration to drawing 
7 (d) is obtained by an acetone' s performing ultrasonic cleaning after 
membrane formation, and removing and carrying out lift off of the 
excessive SiN film deposited on a resist to a resist and coincidence. 
[0101] next, the conductor of the flat-surface configuration shown in 
drawing 7 (e) ~ a resist mask is produced by the photolithography so 
that it may become a line 51 and probe putt. The substrate which 
prepared the mask is put into a sputtering system, and aluminum is 
formed 400nm in thickness, the conductor which shows a cross-section 
configuration to drawing 7 (f) a resist, simultaneously by removing and 
carrying out lift off for excessive aluminum film which performed 
ultrasonic cleaning with the acetone after membrane formation, and has 
been deposited on a resist ~ a line 51 and probe putt are obtained and 
a desired component is completed, aluminum film of 100-micrometer angle 
which formed membranes so that the both ends of the magnetic-reluctance 
film might be contacted functions as a pad to which the probe needle 
which measures magnetic reluctance is dropped. 



[0102] Many samples from which the combination of easy-axis lay length 
[ of a sense line ] L, die-length [ of difficult shaft orientations ] W, 
and die-length P of the magnetization fixed bed which exists in the 
perimeter differs were produced using the production approach mentioned 
above. 

[0103] To the memory device produced through the above-mentioned process, 
the access signal was taken out and the component property was evaluated. 
5mA of sense currents was caught with the oscilloscope by making 
resistance change of a sink and the magnetic-reluctance film into 
voltage variation, in order to eliminate the effect of the residual 
resistance in lead wire, or the contact resistance between pad probes — 
electrical-potential-difference detection ~ 4 terminal measuring 
methods ~ using ~ an electrical-potential-difference difference ~ the 
difference of an oscilloscope ~ it measured using the function. The 
square wave current signal of 1ms of periods was inputted into the word 
line (conductor line 51), and informational playback and record were 
performed by the synthetic field of the field generated according to a 
word line signal, and the generating field by the fixed sense current. 
[0104] Drawing 8 is an example of a measurement wave of the voltage 
variation equivalent to the resistance change of a word line signal and 
the magnetic-reluctance film at the time of playback. The signal wave 
forms of "0" and "1" read on the conditions of 5mA of sense currents and 
80mA of WORD currents are shown in drawing 8 (a) and (b) to L= 20 
micrometers, W= 20 micrometers, P= 60 micrometers, and the component 
chosen as P/L=3, respectively. An upper case shows a sense electrical 
potential difference (equivalent to resistance change of the magnetic- 
reluctance film), and the lower berth shows time amount change of a WORD 
current. The WORD current is read with the current probe and a transform 
coefficient is 100mA = lOmV. "0" and "1" become identifiable from the 
zero level of the WORD current illustrated by "!->" among drawing 8 by 
the wave of a sense electrical potential difference changing according 
to recording information "0" and "l", and carrying out differential 
detection of the standup of a sense electrical potential difference only 
with the WORD current by the side of plus. 

[0105] To two or more sorts of samples (memory device) from which L and 
P differ, only the current by the side of plus compares whether signal 
regeneration is possible, and the result is shown in Table 1. The above 
result shows that playback of a signal is possible for P/L only with the 
WORD current by the side of plus in 2. 5 or more components. Therefore, 
playback of a signal is possible, without these P/L using a bipolar 
power supply with 2. 5 or more samples. 



[0106] 
[Table 1] 

a" 



[0107] (Example 2) Other examples of a configuration of MRAM of this 
invention in this example are shown in drawing 2 . With the component 
configuration of drawing 2 , the magnetization fixed bed of different 
lamination from this magnetic-reluctance film is prepared to the 
magnetic-reluctance film of the spin dependence dispersion mold by the 
field inner magnet-ized film. For 1, as for the 1st ferromagnetic layer 
and 12, a substrate and 11 are [ a non-magnetic layer and 13 ] the 2nd 
ferromagnetic layer. 11, 12, and 13 are doubled and the magnetic- 
reluctance film 10 is formed. 41 — a buffer layer and 51 — a conductor 
~ a line is shown, a conductor ~ a line 51 exists in right above [ of 
the magnetic-reluctance film 10 ] through an insulating layer (not 
shown), and by drawing 2 , in order to make it legible, it is divided 
and displayed on 51a and 51b. The magnetization fixed beds 62 and 63 are 
formed in the direction of drawing X at the side attachment wall of the 
magnetic-reluctance film 10. the sense current and conductor with which 
informational record playback flows in the direction of an arrow head 
100 to such a sample in order of the magnetization fixed bed 62, the 
magnetic-reluctance film 10, and the magnetization fixed bed 63 — it is 
performed by the synthetic field in which the WORD current which flows 
in the direction of arrow heads 101a and 101b generates a line 51. 
[0108] Except having changed the ingredient of the magnetization fixed 
bed into Co, the same ingredient as the memory device of an example 1 
and thickness were chosen, and the memory device was produced combining 
spatter membrane formation and a lift-off process. Since it is the 
ingredient with which the ingredient of the magnetization fixed bed 
differs from the magnetic-reluctance film unlike the memory device of an 
example 1, it is necessary to increase the photolithography process for 
this magnetization fixed-bed formation once. 

[0109] To two or more sorts of samples (memory device) from which L and 



P differ, the sense current and the WORD current were impressed by the 
same technique as an example 1, record playback was performed, and it 
verified whether a signal would be refreshable only with the current by 
the side of plus. The result is shown in Table 2. By using Co of a 
ferromagnetic for the magnetization fixed bed, compared with the 
component using the magnetization fixed bed of the same lamination as 
the magnetic-reluctance film of an example 1, even if P/L was small, it 
was checked only with the WORD current by the side of plus that playback 
of a signal is possible. Therefore, die-length P of the magnetization 
fixed bed could be shortened, and it turned out that it is the structure 
where a higher degree of integration can be attained. It is possible to 
acquire a desired property by adjusting suitably the quality of the 
material used for the magnetization fixed bed and thickness. 
[Olio] 
[Table 2] 




[0111] (Example 3) Other examples of a configuration of MRAM of this 
invention in this example are shown in drawing 3 . The component 
configuration shown in drawing 3 is an example of component structure 
which prepared the magnetization fixed bed of the same lamination as 
this magnetic-reluctance film using the magnetic-reluctance film of the 
spin tunnel mold by the field inner magnet-ized film. As for the 1st 
ferromagnetic layer, and 12, 22 and 32, for 1, a non-magnetic layer, and 
13, 23 and 33 are [ a substrate, and 11, 21 and 31 ] the 2nd 
ferromagnetic layer. 11, 12, and 13 are doubled, the magnetic-reluctance 
film 10 doubles 21, 22, and 23, the magnetization fixed bed 20 doubles 
31, 32, and 33, and the magnetization fixed bed 30 is formed. 71 and 72 
— a conductor — a line is shown, a conductor — a line 71 — the 1st 
magnetic layer 11, 21, and 31 ~ a conductor ~ the line 72 is 
electrically connected to the 2nd magnetic film 13. furthermore, a 
conductor — a line 72 top ~ an insulator layer ~ minding — a 
conductor ~ the word line is formed in the line 72 and this direction 
(un-illustrating). a conductor ~ lines 71 and 72 work as a lower sense 



line and an up sense line, respectively, and a sense current passes the 
magnetic-reluctance film 10 from a lower sense line, and flows to an up 
sense line. Informational record playback is performed by the synthetic 
field which the current which flows to a sense line and a word line 
generates. 

[0112] A photolithography and lift off were used for processing of a 
component. Many samples which changed the die length of L, PI, and P2 
about each width of face W were produced having set easy-axis X lay 
length of the magnetic-reluctance film to L, having set width of face to 
W, and having used X lay length of PI and the magnetization fixed bed 30 
(and magnetization fixed bed 20) as P2 for spacing of the direction of X 
of the magnetic-reluctance film 10 and the magnetization fixed bed 30 
(and magnetization fixed bed 20). 

[0113] membrane formation of each ingredient film ~ a sputtering system 
~ using ~ 5x10 - 5 or less Pa of ultimate-pressure force ~ a 
conductor ~ aluminum of a line 71, nickel80Fe20 of the 1st magnetic 
layer 11, 21, and 31, AlOx of non-magnetic layers 12, 22, and 32, Co of 
the 2nd magnetic layer 13, 23, and 33, SiN of an insulator layer, and a 
conductor ~ each film of aluminum of a line 72 was formed, thickness ~ 
respectively ~ a conductor — aluminum of a line 71 — nickel80Fe20 of 
25nm and the 1st magnetic layer ~ AlOx of 25nm and a non-magnetic layer 
~ Co of 1. 2nm and the 2nd magnetic layer ~ 25nm and a conductor ~ SiN 
of 50nm and an insulator layer was set to llOnm for aluminum of a line 
72. Here, nickel80Fe20 of the 1st magnetic layer is soft magnetic 
materials, and as a playback layer, Co of the 2nd magnetic layer is a 
hard magnetic material, and it functions as a memory layer. After 
carrying out the spatter of the aluminum at first, oxygen was introduced 
in equipment, it was left in production of AlOx which is a non-magnetic 
layer in lOOOPa for 125 minutes, and the AlOx oxide film was formed in 
it. Except for the oxygen introduced by carrying out evacuation to the 
predetermined ultimate-pressure force, the following Co film was formed 
after formation of the oxide film of this aluminum. At the time of 
membrane formation, the permanent magnet is arranged so that it may have 
the same magnetic anisotropy as the direction of a substrate front face. 
Magnetic field strength which a permanent magnet generates was set to 
200e(s) focusing on measurement. 

[0114] To two or more sorts of samples (memory device) from which L, PI, 
and P2 differ, the sense current and the WORD current were impressed by 
the same technique as an example 1, record playback was performed, and 
it verified whether a signal would be refreshable only with the current 
by the side of plus. The result is shown in Table 3. It checked that a 



signal was refreshable only with the current by the side of plus because 
the configuration using the magnetic-reluctance film of a spin tunnel 
mold also forms the magnetization fixed beds 20 and 30 and makes P2/L 
2, 5 or more. 
[0115] 

[Table 3] 

0" 



[0116] (Example 4) Other examples of a configuration of MRAM of this 
invention in this example are shown in drawing 4 . With the component 
configuration shown in drawing 4 , the magnetization fixed bed which 
consists of a different ingredient from this magnetic-reluctance film is 
prepared to the magnetic-reluctance film of the spin tunnel mold by the 
field inner raagnet-ized film. For 1, as for the 1st ferromagnetic layer 
and 12, a substrate and 11 are [ a non-magnetic layer and 13 ] the 2nd 
ferromagnetic layer. 11, 12, and 13 are doubled and the magnetic- 
reluctance film 10 is formed. The magnetization fixed beds 62 and 63 are 
formed in the direction of side-attachment-wall X of the magnetic- 
reluctance film. 71 and 72 — a conductor — a line is shown, a 
conductor ~ a line 71 ~ the 1st magnetic layer 11 ~ a conductor ~ 
the line 72 is electrically connected to the 2nd magnetic film 13. 
furthermore, a conductor ~ a line 72 top ~ an insulator layer ~ 
minding ~ a conductor ~ the word line is formed in the line 72 and 
this direction (un-illustrating). a conductor ~ lines 71 and 72 work as 
a lower sense line and an up sense line, respectively, and a sense 
current passes the magnetic-reluctance film 10 from a lower sense line, 
and flows to an up sense line. Informational record playback is 
performed by the synthetic field which the current which flows to a 
sense line and a word line generates. 

[0117] A photolithography and lift off were used for processing of a 
component. Many samples which changed the die length of L, PI, and P2 
about each width of face W were produced having set easy-axis X lay 
length of the magnetic-reluctance film to L, having set width of face to 



W, and having used X lay length of PI and the magnetization fixed bed 63 
(and magnetization fixed bed 62) as P2 for spacing of the direction of X 
of the magnetic-reluctance film 10 and the magnetization fixed bed 63 
(and magnetization fixed bed 62). 

[0118] Except having changed the ingredient of the magnetization fixed 
bed into Co, the same ingredient as the memory device of an example 3 
and thickness were chosen, and the memory device was produced combining 
spatter membrane formation and a lift-off process. Since it is the 
ingredient with which the ingredient of the magnetization fixed bed 
differs from the magnetic-reluctance film unlike the memory device of an 
example 3, it is necessary to increase the photolithography process for 
this magnetization fixed-bed formation once. 

[0119] To two or more sorts of samples (memory device) from which L, PI, 
and P2 differ, the sense current and the WORD current were impressed by 
the same technique as an example 1, record playback was performed, and 
it verified whether a signal would be refreshable only with the current 
by the side of plus. The result is shown in Table 4. The magnetization 
fixed beds 62 and 63 were formed and it checked that a signal was 
refreshable only with the current by the side of plus by making P2/L or 
more into 1. 5. Even if the die length P2 of the magnetization fixed bed 
is more small in this example which uses Co of a ferromagnetic for the 
magnetization fixed bed compared with the magnetization fixed bed and 
the component using the magnetization fixed bed of the same lamination 
as the magnetic-reluctance film of an example 3 when the spacing PI of 
the magnetic-reluctance film is the same, it is checked only with the 
WORD current by the side of plus that playback of a signal is possible. 
Therefore, the distance between adjoining magnetic-reluctance film 
(P1+P2+P1) could be shortened, and it turned out that it is the 
structure where a higher degree of integration can be attained. It is 
possible to acquire a desired property by adjusting suitably the quality 
of the material used for the magnetization fixed bed and thickness. 
[0120] 

[Table 4] . 



[0121] (Example 5) Other examples of a configuration of MRAM of this 
invention in this example are shown in drawing 14 . Drawing 14 shows the 
example of the component structure which prepared the magnetization 
fixed bed of a configuration of that the magnetic films which form this 
magnetic-reluctance film differ to the magnetic-reluctance film of the 
spin tunnel mold which used perpendicular magnetic anisotropy films. For 
1, as for the 1st ferromagnetic layer and 12, a substrate and 11 are [ a 
non-magnetic layer and 13 ] the 2nd ferromagnetic layer. 11, 12, and 13 
are doubled and the magnetic-reluctance film 10 is formed. On the 2nd 
[ of this magnetic-reluctance film 10 ] ferromagnetic layer 13, it is 
superimposed on the magnetization fixed bed 62 and a non-magnetic layer 
64. 71 and 72 ~ a conductor ~ a line is shown, a conductor ~ a line 
71 — the 2nd magnetic layer 13 ~ a conductor ~ the line 72 is 
electrically connected to the magnetization fixed bed 62. furthermore, 
the side face of the magnetic-reluctance film 10 ~ an insulator layer - 

- minding ~ a conductor ~ the conductor which functions in a line 72 
and this direction as a word line — the line 51 is formed, a conductor 
~ lines 71 and 72 work as a lower sense line and an up sense line, 
respectively, and a sense current passes the magnetic-reluctance film 10 
from a lower sense line, and flows to an up sense line. Informational 
record playback is performed by the synthetic field which the current 
which flows to a sense line and a word line generates. The usual semi- 
conductor manufacture process was used for processing of a component. 
[0122] membrane formation of each ingredient film — a sputtering system 

— using — 5x10 - 5 or less Pa of ultimate-pressure force ~ it is — a 
conductor — aluminum of a line 71, Gd21Fe79 of the 1st magnetic layer 
11, AlOx of a non-magnetic layer 12, Gd21Fe79 of the 2nd magnetic layer 
13, SiN of an insulator layer, and a conductor ~ each film of Tb26Fe74 
of aluminum of a line 72, Cu of a non-magnetic layer 64, and the 
magnetization fixed bed 62 was formed, thickness ~ respectively ~ a 
conductor — aluminum of a line 71 ~ Gd21Fe79 of 25nm and the 1st 



magnetic layer 11 — AlOx of 15nm and a non-magnetic layer 12 — 
Gd21Fe79 of 2. 2nm and the 2nd magnetic layer 13 — 40nm and a conductor 
— Tb26Fe74 of 5nm and the magnetization fixed bed 62 was set [ aluminum 
of a line 72 / SiN of 50nm and an insulator layer ] to 50nm for Cu of 
60nm and a non-magnetic layer 64. Here, the 1st magnetic layer 11 
functions as a playback layer, and the 2nd magnetic layer 13 functions 
as a memory layer. After carrying out the spatter of the aluminum at 
first, oxygen was introduced in equipment, it was left in production of 
AlOx which is a non-magnetic layer 12 in lOOOPa for 125 minutes, and the 
AlOx oxide film was formed in it. Except for the oxygen introduced by 
carrying out evacuation to the predetermined ultimate-pressure force, 
the Gd21Fe79 following film was formed after formation of the oxide film 
of this aluminum. 

[0123] To two or more sorts of samples (memory device) from which L and 
W differ, the sense current and the WORD current were impressed by the 
same technique as an example 1, record playback was performed, and it 
verified whether a signal would be refreshable only with the current by 
the side of plus. The result at the time of considering as 1mA of sense 
currents is shown in Table 5. By forming the magnetization fixed bed 62, 
it checked that a signal was refreshable only with the current by the 
side of plus. The signal size at the time of making into 1mA of sense 
currents the result shown in Table 5 depending on the flat-surface 
configuration (area) of the magnetic-reluctance film means changing in 
inverse proportion to area. 

[0124] Moreover, in this example, although the configuration which 
sandwiched Cu as a non-magnetic layer between the magnetization fixed 
bed and the magnetic-reluctance film is taken, by being prepared in 
order to control the magnitude of the field of the magnetization fixed 
bed in the magnetic-reluctance film, and choosing the ingredient of the 
magnetization fixed bed, and thickness suitably, the magnitude of the 
field of the magnetization fixed bed is adjusted and this non-magnetic 
layer can also exclude this non-magnetic layer. 
[0125] 
[Table 5] 




[0126] 



[Effect of the Invention] The effectiveness of this invention is 
preparing the magnetization fixed bed near the playback layer of MRAM, 
and is that playback becomes possible only by the pulse current by the 
side of plus or minus, without changing the direction of a seal of 
approval of the current which generates the current magnetic field at 
the time of reproducing a signal to positive/negative as stated above. 
For this reason, since signal detection just needs to supply the pulse 
current of one of positive/negative, in a playback special-purpose 
machine, unlike the conventional regenerative apparatus, the advantage 
from which a bipolar power supply becomes unnecessary is yielded, and 
the miniaturization of equipment is also attained. As a result, low 
cost-ization is attained and offer of a cheap memory apparatus and the 
non-volatile solid-state memory for them is attained. 
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[Brief Description of 'the Drawings] 

[Drawing 1] It is the perspective view showing typically the example of 
a configuration of MRAM (spin dispersion mold) which prepared the 
magnetization fixed bed of the same layer structure as the magnetic- 
reluctance film of this invention. 

[Drawing 2] It is the perspective view showing typically the example of 
a configuration of MRAM (spin dispersion mold) which prepared the 
magnetization fixed bed which consists of magnetic materials other than 
the spin dispersion film of the magnetic-reluctance film, 
[Drawing 3] It is the perspective view showing typically the example of 
a configuration of MRAM (spin tunnel mold) which prepared the 
magnetization fixed bed of the same layer structure as the magnetic- 
reluctance film of this invention. 

[Drawing 4] It is the perspective view showing typically the example of 
a configuration of MRAM (spin tunnel mold) of this invention using the 
magnetization fixed bed which consists of magnetic materials other than 
the spin tunnel film of the magnetic-reluctance film. 
[Drawing 5]. It is a mimetic diagram explaining the principle of 
operation of MRAM, and (a) is drawing where signal record and (d) - (g) 
explain the principle of operation of signal regeneration in the example 
of a configuration of MRAM (spin dispersion mold), (b), and (c). 
[Drawing 6] It is the perspective view showing typically the flow 



approach of the sense current in CIP structure and CPP structure. 
[Drawing 7] the membrane formation process of the magnetic-reluctance 
film that are drawing explaining the production process of MRAM (spin 
dispersion mold) of an example 1, and (a) and (b) were patternized, (c), 
and (d) — the membrane formation process of an insulator layer, (e), 
and (f) — a conductor — the membrane formation process of a line and 
the metal membrane for PURUBU pads is shown. 

[Drawing 8] It is drawing showing an example of a signal wave form at 
the time of the playback in MRAM (spin dispersion mold) of an example 1, 
and a signal wave form [ in / (a) and / in (b) / "1" condition ] is 
shown. [ "0" conditions ] 

[Drawing 9] It is drawing showing typically the magnetization condition 
in the current magnetic field H**0 in MRAM (spin dispersion mold) of an 
example 1, and (a) shows "0" conditions and (b) shows "1" condition. 
[Drawing 10] It is the perspective view showing typically the 
configuration which array-ized MRAM of an example 4. 
[Drawing 11] It is drawing showing typically the field-MR ratio minor 
loop in the conventional MRAM. 

[Drawing 12] It is drawing of the field-MR ratio minor loop in MRAM of 
this invention shown typically. 

[Drawing 13] It is the sectional view showing typically the 
configuration of MRAM of the spin tunnel structure by the perpendicular 
magnetic anisotropy films of this invention. 

[Drawing 14] It is the perspective view which is an example of MRAM of 
the spin tunnel structure by the perpendicular magnetic anisotropy films 
of this invention and in which showing the configuration of MRAM of an 
example 5 typically. 
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30 Magnetization Fixed Bed 

31 1st Magnetic Layer 

32 Non-magnetic Layer 

33 2nd Magnetic Layer 



41 Buffer Layer 

51 Conductor — Line 

62 Magnetization Fixed Bed 

63 Magnetization Fixed Bed 

64 Non-magnetic Layer 

71 Conductor — Line 

72 Conductor — Line 

100 Sense of Magnetization 

101a Sense of a current 

101b Sense of a current 

102a Sense of the field to generate 

102b Sense of the field to generate 

102 Magnetic-Reluctance Film 

103 Magnetic-Reluctance Film 

202 Magnetic-Reluctance Film 

203 Magnetic-Reluctance Film 

302 Magnetic-Reluctance Film 
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M] iE^0Sji^J/\°;l/XSB3J)n-r5c:<!:S<S^Rr 

miSiMR AMOtm. seme, iESft(*ft<Dl3i5/\Vl/ 
7.0D*'^ffll^T^ c:©MRAM(Dlf?8«-|l4-r?.*r>i<!: 

Tv Sa«ffigtlSi©fiSttli©-OT«5B4JB©Kfb*lRl 
«-7JlRH::iBlRl*4J:. S3SlK»-MRJf7'r^-;b-r 
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imm<ommi 

t m^ttmmm i iztimo>mfiw.m}m^ ^ 'j , 

[88^9 1 0 ] mm,ms.im<imtmsimi^<o^ 
iLtmm^moist^pta^. p/l>2. smm 

lcSS?*tlTl^5 C t Slt^tf Slil««7 iclBtKCSS 

ffi^c>l^tLSE:&lRlT■$«^:^:51^^8[^:•r5il^a1 -6 

m^m 1 2 ] mimnmtn.mtmmim^mt<D 

n^m 1 1 iciBtgois^atfii^^p* ^ u « 
mmm 13] If ?Rj« 1 ici3ij(Dfia^ffittjaj^/ ^ u 

Sui3?SMigi5ilSw-oa)?SttJiofii£<b:)^iRi5-*iRi 

B5iB®^t!IS^^:iE&^.^■r1^A^-*lRKO*©S3itS•3i{ L. M 
IB5KMfifiilSfl)^filttl5i3-»|p|©a35l::J: USBUi^fg 



litaBfi^KOSKf b$t>ttB-^lR]09«^^(c<t: »J f«£ Lfcifi 

MlBSB^i/iseplin^tl/c^^ftllcfcntSHufBBSmJglnlBiCjg 
Jn1i<!:Bul3BS«*i^BlJlP*nTl^&l^«flllc33W5Huf3Ji 

So 

mmm^ 5] BiJl3^SJi^b'lEp})D^nTL^SL^«^fi^^:^5 

l^T. Byi3B^®Olia<b*''B5I3aSm}g}5i)i<^5fil3llCiatt 

enrcBuiBsafbs^woK^b^iRiicsBiRi* *i5 c i ^■it 

[§8$^ 1 6 ] 18:^9 1 3 $/-ctt 1 4 izfunt^m 

[000 1] 

n,<oT&mttt<^izt(mis:3y\d=L-9^'jyx^i\/\Pi 

[0002] 

[^J£*<DSffi] aVl:fa-^'^f>m?«IStCfiJffl*ti5P< 

ffiJaJft^ (Giant Magneto Reg i stance) c: 

[0 0 0 3] MRAMT-Bs -O(03tBSttSi:^roF^lC 
ttA;^»t^^B8ttHO=®^^i6^1f$B=&l3^•r5S*« 

S©FaT\ *®5Sfb*lRl««^5oTl^5«^iS¥?fa 

"1" ©«j|i*IB«f5o 

[0 0 0 4] i3gs?nTi^%if^^^^tii-ri«ici*> » 
ji/cit. ^-rossfbT^iRKDipj^^^fbs-^v ^©psicatjji 

filiE<b^;l^LTx "0". " 1 " (Dttflg^M^^aJfo 

MR A Ml*. mmtmmiztm-iEn^rcist). mMUSi 
ztT'^mmBmi^m^iz^7^.?>(ox\ issRWitttDR 
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4 3 67 ^i'E'jm^tLxmmizmt^ 

[0 0 0 5] MR MACOmi^mm^itrFlCfrito El 5 
(a) it. MRAM(Dim^mtmi:&^o Stg±tCs 

m 1 Kits 1 1 . $mm ^ 2. mimm ^3.^m 
HBO. mi^'^3i-u (7- m) 5 1 (omimmt^m 

[0 0 0 61 m^mtm^ itS2«ttii 2. z<o- 

(a) rtts miSBttSI 1 ««»5Btt**«^«fflt^n:SS 

® / \" -y 7 r ^latt T t J: i\ 

[0007] M R A McDtaSiM^tt, aft'llT** 
[0 0 0 8] E15 (b) "0" €Stat?Ji^*/T^ 

CiT'. H4JIT»«m 1581411 1/£lfP«:<, 

■J 87$%% 2 S&ttl. 1 3 (DSKf b^lRl<&«Sii±7«lRl$ 

icSSaStiS. C©«883fii< '0' -Psfe^o 

[0 0 0 9] las (c) tt. '1' «»*aGJi^«/T^ 

'JHT'^5m2}iSttJi1 3<Dm:&lRlt.iSS®±7-;£lpl$ 
[0 0 1 0] -3^. strict*. »$a3^iisliciBfSB$J; 

[00 1 1] 05 (d) ~ (g) tt. n^fm^m-- 
ji©igT«5o 05 (b) iE,T^-rj:5n: "0" ms.m 

tlTl^«««StE*Jl>T, t*ii*i|8lE3'fLx 05 (d) 
\t\t. lS046ilfililcSiij&[RilciEiS6^6«iBlciRi6^oTII 

05 (e) ictts mtMmowmm 

Lfcli^tcfctt«5B[14Ji©SBlfb*lRl©Sfk6^**lf'tl/T^ 
[0 0 12] 0 5 (d) \zmJ^o\z. misb. 

c:©5a»3S)gT'Wff*MT-S«mi«Ktt^1 Mtm 
itmm^t^. ->f^'JST'J5«if258ttji1 3©«B[fb 



tt "0" ro*|Rl««-3fc«*TftS. 05 (e) tC/T^f 

6^6iEBSlciRl!!)^^TSt1S3(t*aL/-cietctt. $59301^1 

$5^1521411 UiBS<bA^B)gS-r«*\ ^<^'>ia7- 
S^mnsattHi 3©liS1b« "0" 0:^|r)S«q/;:$$ 

[0 0 13] -oa)iiS1410{Sib*[pllC;iir*<!:. 
46©«5StcfiiI^lRHtiE®<)^6KH(::iRlfroTSS«3!f 

'ssitLfcii^ttttv m^mm^ i i:m2asi4ii 3©5S 

4b;^lRlttSTtTtt!fi7aB5. 

[0 0 14] iMt9i^i2^3i.mttiLimitmmi3mm 

iijb^SIESilEi^iJb^^TBSBSit^attLmctts miK 
ttSI 1 i:m2SS14ai 305tifb*lS«¥ff«!!ST'« 
5. ttfoTs -:&lR)lc183ll/^/UX*3S-rP^llC»*a**8 

a)jim^4bttig¥fT4^«§<Dii;«t^/)'e¥fT4Xfi§<39is«t«t 

^fb-r««tt*^ "0" T«5<l:K*'K*i5o 
[0 0 15] 05 (c) iZTTstiioit "1" 6^iB 

(f) {ctt. ffl46*Sffilcfiil7^iRHCiE®*^6KHlciR))b^ 

oTm^mmmu 05 (g) icti. ^^eicjMiRi^ros 

'35««Lfc«^lcJ5tt53t5Sttl©BS<b:&lRirog{b6^^- 

[0 0 16] 05 (f) tc5^-rJ:aii:^ mtb. tftii?^ 
«llE*tL!|itti5lca«*lRlltiEiB6^6«iBlClRl6^oTS4 

5, C<058?Sl7?tt. «^T»SSlS8ttJ81 1 ttKlb 

:^(^)A'«sibUSi^u y=e'Ji-p$«S2ESi4si 3© 

K^bt "1" 0^fp)^«o/c«$7SSo 05 (g) 

^mvh^m 1 Ktt® 1 1 imitmmt^t\ 

ST^^m 2 KttSOfiSlbSSIb* ^5lc«^+5J7-$ 

y "1" o:;^iR]^«o/c$$T£So 
[0 0 17] -^0^ltts©!as^b:&lRl^!:asr«.!:^ * 
$]&%^«i(c:jtifL. mimmizme.miziEmis'e>mmiz 
\Pi1!s^^xn±wm^^Ltcmz^tfs^Jmm^\ i i:S2 

ictt. miHSItJBI 1 2 581411 3<omif^mtK 

tcS$ ji*^$i<DJgSx^{bt*T?Tt^Sirofilgi5tA^ 6 
«ft|(7>^JgJ5t'\<hS{b-r5„ c:©J:9^1iffii5i6^6ifia 

[0 0 18] sn±M<tcJ:^ic. 
tiTt^sifSjfl' "0" 3b^ -r ft^siigij-rsctssT* 



(4) 



^miOOI-l 95 87 8 



IS©SfitSfb6^iii)P:&lRl/)\1E'>:^(R)!b^*i|fJBr-r«Mib«S 
[0 0 19] ±IB©S)fHftB^Tl*»^ji3^«l5ffiofcy 

[ 0 0 2 0 ] M R A wimm-^m\.-^m'i^tm%m.<o 

■< Vrntm^myj^tzCiAR (Colossal llagnetoresistan 

ce) mtiEt'^^^. 

[002 1] 7.\iymMx^itmmm^c uikd^s 

SirLT. -O(0fiSttHP5O;^t:>fiS??miJ:«fcyGM 
Ji^ictt. 5S{b<t:S«:&[pKDXtf>^}«om^^«ifSa,? 

|pl*fi«5¥fif!S:«^tctt, 58{bi:ll*lRlS^kf>«jt'3 

T5~1 0%ag!!«#6*l. «3iftSS<b®*iR|-P*S« 

[0 0 2 2] i^awtcttxfcfviiiL 

-?^OlSttlfl)lK{b?^lRl«gSlciHlST'?5, ffiftfi*! 
LT«ffl4b*tlTl^«o 

[0 0 2 3] ;^hfv h v*/usaTtt#Hi81tJiS!lfe»f*t 



^-OMRJtW. SSTI 0%~3 0%!SlSAi«?f6 

[0 0 2 4] ?M®i:LT^S 

GMR«f8]S-r5Mifl«***fflSTS«. Co/A 10 

[0 0 2 51 CMRSSTtt. ^P-^XA'T h«S3a<DM n 
K^b!|!Sl«Xt^>^J1i^OJ:yBl^^P7X*'r KM nSJ 
{b»7Ui53fiiiA,fchv*;l/«#i:-r«^"r7^. '^^p:^ 

'iytiEh'^^tit^o CMRS<DXIfV»1S$tt?f^tt 
St^/c«). SHia7l*4 0 0%t(7)M RibftMf 
[0 0 2 61 MRAMlCfi6ton55Stttt!|St^5afb:&|plT- 

enso N i Fe, co^<nimim\ts mvci^m^ 

i^<ts^^rcib. mt<j^-h-^}y<m9i.i}Bis^t.\.-^ofA 
sm^o ti-^}yw^^t^t. m©7^ipj*fJiJ 

:&<<i:t2eJ.X±i^^S/£^:?S^n«o S^oT. A-'J 

«ajg|Rl±0|iflSSHi:«:«o 
[0 0 2 71 SJSttlitLTTbFe, TbFe 

Co, G d F emm±m-m»±mti^&t3:%7x>m 

IRl«[R)^-^Tfc^A SEK«M?&14S5^-riiejST-EiHcg:*c 
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Tree:. fik=f^maitti>t. mmmT-mm 
:^mm^X'ii. mit<Dti- u y^i^i: y e^ic < 

So 

[0 0 2 8] MR^mztiti'SM(D^L:^. 

^T&C I P (Current In Plane) ts Sg5:CPP(Cur 
rentPerpendicular to the Plane) (htt^giJ^tlS, @ 

etc. iH^tKommm^w.t. 

[0 0 2 91 me (a) lc,T^-r«):-5li:, C I Ptt. SI 

KTfflcailtlSo 06 (a) •bV^Jl©-*tt^S8 
■P05^LTL^S. C I PTtts XlfV»SUa©HSSlffi!fii 

onm -bV^ilSro-V-hiiEJnttO. 0 5Oi&5„ 

ivmtmLT'i^-ii\ c I p«j§7-^»«)-b;u^-bv 
3!)'«^Tl^5^iS•b;KDJg^3^fil«^gL/•c^fi2^gJ5^^^:J^L 

[0 0 3 0] EI6 (b) ic/T^-r,fc3iCs cppttx mi 

SattS/^flittS/S2SKttl!!)>6ft5;<=E'J-lriUO± 

©■bvx^F^^x flSisicsiSSiRiiEams, lae (b) 

1 -tjimtfum k 0*^6iS+ k neS<DKB8T*» 

s^b^ti o~ 3 0 "/otitis xifvmsttt^ 

Tt.+iJ:^?S}gJnS<b*Mf6ti. J:oTiIl^S N*M# 
[003 1] CCDC P P*MiiTliHzvx«a«D35MjSlc-tr 

m^'mzitt^-V'^irclsb. C I P«iti:lt'<SNttS 

<^5o 'ii-^T. c I p^ji.ttt'^, c p pfi|jg©:&!b'« 

? i: LT^a©^ =E y ■b;bSM'>«Tffiili-r s c t 
fcJi^iciiv c I p«tiid:ycpp«ji©*fl«^ipJ7-iS 

[0032] 

[fi^tfisi* L J: d tnmm MR A M^t^5^,^TMl^l 



Si5ia<b««»«sffl-r«iif?" 0" 6^" r *»syr 

jEss^^-rsv-j^T^jy^^sciA^fiSTfeSo -sj-r 
5 > <^^ttnt>^±i:^tnm^mic y v^^v ■j^^^d— / ^■ 

s^TOj Lsttnt*^: 6*1^0 y -^'-^^-y 

^?fffiSi^^3riiL/i:ffi;S0aj©Kji<b6^^Rl^»:T% 7.-( 

'y'}'y<fimnmtcsb<o\''7y'jx^ii»«Li:mitnm 

ia±-r5±TP.aai:«:5. «a)t«lRl±*-H:«»§ift 

[0 0 3 31 fijfi. iM*p<^y<DiPJffl»Si:LTr--7 

7MCfttoyMP37L'-ir-)t)''>ia?+lTl-'^5o MP 3 
jST-llf*:^<^y©?iJjS)b'«7;l/(!:^W*tiS. J)P;^T> m 
■a-So $fcs CD. MD^^7m*tlTl^«»4llffl 

[0 0 3 4] MRAMt. C5 LfcS^Wffi--XlCfy 
[0 0 3 51 MRAMOfll^^l^^«<x iE&t>-rtl6^-* 

«y. ti'-y hS/'cymffi©fiii=&§^icji46«c:t*'«Ri 

[0 0 3 61 *Sg0^liMi3©PISSS?*-r5t©T\ * 

^RsmiSiMRAMCDtm. seme, mi^rcitncomm 
/<;^x©*«ffl^,^T. c©m r a M©lgffl«iis-r 5* 

(cj:y. MRAMq$1i%lR]±U JSi2Is]%©!S^{b^A 
lcJ:y»®fi:avea-^i^y7i5;HRilt©efiliiS^ 

[0037] 

H]llP-rS2:i:3B:<SSfeRrSg«:MRAMSf^U itHC 
j:y. MRAM#tt^|^l±U JgffllHlffiCSJUbtftlt 
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J:t;ffiB*llVt;a-5»^'J7i7/HRlltOfifilii38:p«* 
V^^mpimtLtco -Tftto-B. TIB^S 
(1) ~ (12) ©*atc|B«-r5«lfiR**-r5lK«fi 

Jn5am;><t'J. Sfts (1 3) ~ (1 5) (D^mtKm 

seme (16) mitTurn^i^uvia^o 

[0 0 3 8] (1) Sffi±tCj^fi)6?*l5SHiBlttJI/ 

t L < am 2 iiSttsoss<b:&iRi*«K»w«s^*ic 

[0 0 3 9] (2) ijlBSS«W«g^*fl«S5SS*g^?3T' 

^ict^^tnm (1) iciBi!o5a»sjjtsaj»>< 

[0 0 4 0] (3) ME5S^W*S^*tf'IWB»g^*T 

to^zt^msittim (1) (ciBiBtossscsi^s^ 
[0 04 1] (4) mnmmmmcnLms&mfRt 
(1) iztimmm&mi§k/=E*j. 

[0 0 4 2] (5) MiBIMH6^»#*^6!5:5Ci: 
^^Witt^m (1) lclB«<DlS«lfifixS«imy^'J, 

[0 0 4 3] (6) mm^mmmmt'^srs:s>z. 
t^i^mt-r^m (i) icf3«a)fiismffiK5!b^yt'j„ 

[0 0 4 4] (7) HuiBiis<bssji!b\ mmmm^ifi 
mtmcmmmmt^zit^mLtti^ (i) - 

( 6 ) ©l^■rn*^ 1 mmmommmmsikji =e u . 

[0045] ( 8 ) iuiBflS{b@^Js«'. mmsimm 

- (6) ©^,^■rtl*M^^CSB^8©SB«fiJ5^S!IS^^'Jo 

[0046] ( 9 ) mim&mtnmoMit-^i^ii^. m 
^mmicnLmm\piT^^zt^^mtt%m (i) 

- (8) rol^•r+l*M]I^ci3il^<Dffi^^g^nS^Im/^u<. 

[0047] (10) BUS B8SmSJnlS0?K<bS^tt:& 

\^(DmiLtmim^S(DmtPtii^. p/l>2. s 

(DiSHtCJlfRS-tlTl^SCtSltMi-rSJS (7) tCE 
[0048] (11) SuiB5S^iai5x^05S<b»lRl*\ 
(1) - (6) Sfctt (8) ©l^-r*l6M miEK®«K 
[0 0 4 9] (12) mtlBflS^ffitSiigi^litlBmil^ 

tt^m (11) lciBI8<^KmSt}nX()^;><t'J<. 

[0 0 5 0] (13) 31 ( 1 ) tciBteroisMSijtjas 

ajr 5 j: i ic J; y iBSi* *i5if a 3 c <!: * 

[00 5 1] (14) mm/^m&.m/jmmti'Q 



mats mmis.mm<>>-r}<ommi<>>mit^\^^- 

mz'^^^^ U BulBy ^ SlclB^JtiTl^Slf $B 

©s^*^Taa3^^^t^5L^T. HulB»fti!il^ciEftl^■r*^ 
f^-iD\^o3f-<Dmm^^L. mtm^mimmmzm 
m-:^jpioiimzi:^-ij\^<Dm7mm^^^^^. m 

iB^^lOBS^b^tufB-l^lRlOllSSlc a y LftSSli 

©:&iRiic@BiR)*HJ-. mtEmmmm^ntcVimiztsif^^ 
miiztsifitmm%mm(omimt(Dm^Tio^m 

[0052] (15) itlSSaJifl^EPllP* nTl^fi:t^« 

izmf<=>ntcmEmitm^m(Dmitijmzmi^-$tL^z 
tmmtt^m d 2) iztmon^ij^. 

[0 0 5 3] (1 6) 31 (1 3) . (1 4) ^tdt 

(15) <ol^ttlt■'^m^ztimt=s>n^:^mzml\ m 
\zm\.''^-i5^aiwmm^t^^^tmwmmt^ 

[0054] 

w^^:saita)Epll^*l^«iE^^c^aJygA5#s*ffll^T^^ 
58««tjJil!l5fi«l!:iB«*ftsaW*iB!l!::r7XflJtL 

[0 0 5 5] i-XTHlE^ffll^Ts c:cD*5gB^(7)MR AM 
tc^u>T> ^■(^«JSa6^>■^cfB^1f$g©S4^;^^^:•^^,^ 

[0 0 5 6] Sfmil^StW. BSMJIKIiOjfifillC 

•s/cssifST-^So iioiSfbs^i<^mtg(ix ^^gl5!is^ 
y 35^ T t,ma©«is^T-5a<b5W-r s«>iz*f^ y 
as-rcifsso «K^b@^g<D«a-^fliff«. m%mK 

«g««yc-rft6l#. J.XTOliaEfilJ<D«fil6lC|®6*l5t.O 
[0 0 5 7] fiSfblS^Stts ^^U-b^bia^lKMJgSi 

iiiiHic«LSF^W5afiittsB»-r«t.o7-^«„ mm 
\t. m^mKm^mmt^mimowm^wsmzm 

^^Tmimmii\.z-\iu<o^. ^^ttsi^^mm 
©ssib:&iRi*-^it«ot©T'»«o z.(oktb. s^i 
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-l5\Pi(0o-^. Et>^^lE {Zf^X) trit\ ft (7 

[0 0 5 8] <i<Dm\\M-&m<K)m^^t\,m^(oi5m''& 

'J ■b;K3D5S^}ifii)Si:WSiJl::S/3:5aS1ttt*4'&fi£S 
fflJ^t#1tM¥1 0-31251 4^t45a«:^i:^C^^l^TBI 

[0 0 5 91 m\mnm\tmmm<r)7.\dymM^ 
m^^m^-^m\zt*). *«Rsof^ffl«ittwr5o 01 

It. p<^'j-b;KDilfi£©-fJS/T^-ro itt5«. 11. 

21. 3 1 l*mi<03SK14®. 12. 22. 3 2(i^N5g 
1 3. 2 3. 3 3ttm2C05i5Stt®TSSo 1 

K 1 2. ^ z^-^io^Tmmm.m ot\ 21. 2 

2. 2 3^^totfTmH^®2 0*\ 3K 3 2. 3 

3 ^'^io^-zmwmm 3 0 A^Eis^tiTL^^o 4 1 
/^y77H. 5 1 tt5w*»is5^-r. 3»«85 1 \,mm. 

SaSl 0©«±lc«6iBH (E/T^LSt^) «^UT#?£ 
U EnT'tt^^<-r5/i:i&5 1 ai:5 1 Mc^liJUT* 

[0 0 6 0] ISffiWiB^ • ffSI^lCtti^Ep 1 0 0©*|S 

i!:ia^bii^i2o. ffiscatfixKi 0. m@«i3 0(D 

)lltt-feVXl>j^E*'«aS?tl. »<**I5 1 1cttJ^EPI 0 1 
a. 1 0 1 b(7):&lRllC9-F«'3it)b^aff?^5= miSS 

H 2 0©^ 1 mmm 2 1 m\mm 3o<Dm^ 

(7)3S5iS1t®3 1«. tt,lc®rt-^5&lRllc5a<k*tiTfc 

[0 0 6 1 ] n 1 \z7Tcfmm\m^m\.-^Tcmmmm 

1 o©s ^t'J-b;UtftS-b>^*l*iRi©«*€L. 4e 

[0 0 6 2] CCT. P/L>2. 5©©HlcStR-rS 
i:7-KII5S^iEft<Dj«:^lp)t:H16&<Tt. 

lKW«58^-r«iE^/cttftl-3i!/\°;bX0^7ffl#<7)Ma 
!b^T-^S„ f^to-B. sa^SfitlSl 0©SHK1tS1 1 

ttWbas{b*iRi*iRH«^fc5a[fb@^®2 osif 3 oic® 
yH*tiTt^«fc«). e:©H#<DSBi<b*iRii:Pll::*iRil:: 



lc3*LS¥^7T»«l^s 7-K«3ilfl«-t?Pi:«:y, 

atfiifsi oo!}mistitsi 1 (fi£s) (cEPAD;rnsv 

[0 0 6 3] fifoT. TObfiKfbl&lRlilSWroiKff*^ 
^t-513SA°;UX©^ilT- "0" <7)Ji^ligJgj5t6^6fi 
Jg*!^. "1" <Dti^ttfiSSi)b^6Sg*x'NS<br5. 
c:©S1b^i»»«5ai-r*xtfiSjit:: "o" i: "i" oiffiSiJ 

[0 0 6 4] igiicD<»:-7(c. mimitimoTs^dym. 
m^mm^tt^m^s p/nt2. 5j:y:^*i.> 

t^*!a«M«U\ fifoTs P/Hi50WTtU <t:y 
li*L<tt. 2. 5~1 OcDBHlcaHRTSiiai-^ 

[0 0 6 5] L i: Pli. *5IWOiEft^,^■r^^*^-:&©/< 

[0 0 6 6] C©]S*»c5ILT01€ffll.^T?6tCfiPxe 
llPLTSSLn:OTbm*lRl«-X*l^i:-r5o «!£o 

Ts •(5it.sas«aii*fi:i,^Ji^®58afieii»i Os m® 

SJi2 0. 3 0<0S8^b*l^(4-XSlql7»5o HISlEtt 

m5^lRifl«j*$35!i«. KW^IffiBSfb-rSfcfe-trVZlSS 

■b/uo!)SKib:&iR)«^#iii5 1 ^mn?>'7- mmcom^ 

KI?7^lR] 1 0 2 a , 1 02bi:ej^(^:^**lc:<fcoT± 
[0 0 6 7] lafetC. SfJl5(DS*:&-S7-$5iEft 

(om^^mmm^^^o m^o^^ a<D^(Ri(c7- 
Kmsa^jiiii-r tsgsrsss^ti^EP 102a oismtri 

So SllKttSl l©«5S:^DJ:yaitW«^fe-rs<!: 

sisstts 1 1 (Dmta^en 1 0 2 a©*i^sisi<o si 
flsffii 1 1 itmms 1 ©Ticttn-rsfctt. -tossfb 

:&lRltt+X;^|Rir»5, ^IC55EP1 0 1 b<D3&lRllE7- 

Kffi-3S=&as-ri:55Wi 0 2b©*iRHcsa»*i«seu s 

iSSttSI 1(355Kfb*lBll4-X7^[S|lcSSo m2iS14® 

T-SSA^6. 7- Kffi-^roS^bltfSUTmnSittltm 

So ?lf^T. +X*|RI, 3»JtC-X:&|Rl©«B[^*58S-rS 
7- K«3i«c^b-erTtS^?tlSfifii^{bttJSlilnA^6 



(8) 
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[0068] "1" "0" tmm^^^-io 

la, 10 1 bomit'y-m^^mtt. ^^t^m 

mt^m 10 2a, 102 bcDimcS^bL. niBStsa 
1 io5S<b:&iRitt+x6^6-x*iR)'\i:S^b-rSo m2 

K14S1 3<DK^b:)&lRlt4 "1" Tit+KlsmX'&^f^ 
6s 7-K13!!<D5E<blc)^;i;TBStt®i:S2SattH<05a 
^b:?^lRl©K^^^i¥^T!b^6S¥^T'^<^:^^b■r5o tSoT. 

liiS?n5fiJ5tS<btt+x*i^s ^»:iu-x:&iRi©sa»=& 

[0 0 6 9] *«W<D»S3^S, -rSto-Bs iE^ 

l^•r*^*^-*o!)/^;^;^ffiSll^E«i:sB*^!:•^^.^Tl^^w■r 

c: tii^'bs + x:^iR]®8SW5^4?-(i5r7- FB-3i{*3S 

1 0 2a7-3By . 7- KS3!E71*$5en 1 0 1 aiD*|plTS 

[0 0 7 0] "0" m2JiSttl 1 30mitl5\fii 

it-Xl5^VS6^o 5cEpi 0 1 a:&I^t<:7- FSslS^SiE 

•ri:+x*iq]icmi5Sttii ^<omitm<, 7 

- Ksai 0 1 a«•5s^fel^Ji^^i«18Stts 1 1 nmt 
Mt^s^^ mtsmm^ 20,30 amtisn 

««-X*|Rl-pife5fc4&s PBI|©li8fb@^2 K 3 1 i 
I^C-X*lRlT»So SeoTs "0" ©setts 7- KB 
3it©^JiT^SSSi*^61gffi6iKS5o Ctitts "0" « 

[007 1] "1 " OJf^s m25Sttl 1 30?Sfb:J^lRl 
l*+X:&lRl7S5o 5^En 1 0 1 a*lpHC7- KmafE^a^l 

■r<t+x:^iRitc^uittiii ^<Dm\w^<. -ii. 7 

- KffiJlEI 0 1 a^3fE?SL^Ji^ttmnattl 1 1 (OMit 

i5\P^\fmm(o-mtm^m2 k 3 1 i:iiu-x:^iR!T$ 
5, dtitts jaii=&ixyffltJ5Sfbiii^ii2 0s 3 0(DiS 
MW^g^6^+x:&IRl^Ipn,^/■cm2^iSttl1 3J;y3Si,^/'c 

46T'»5o S!oTs "1" <^B#tts 7- KlaScD^liT- 

\mm^mmz.rs.^>^ z^^\t. "1" safe 
[0 0 7 2] o$ys a^©safe*»TttiEa®-o© 

S3if/'?;UXSEPJ)D LTs « 1 BS14JB 1 1 ©HlfkSlSSS 
S*-liTl^56\ *5geg©S^*S6T'ttiEXttftO®ai 

B^wicss^nTi^smiffittH 1 1 osafb 

:^iRj«s ±fBa)5S^bllSl<ofPffl7-7cH:ffi7crsci: 
T\ "0" i: "1" (Dffl-^^fflS^'IXtlSCltfcSSo 
[0 0 7 3] *^P^<DMRAMlc3bntSS^:i&«i:5S^b 

piMiciftB^-rso El 1 1 (is mitm^m^mitiK^-^Wi^ 

1 (a) B "0" s 01 1 (b) tt 'r %S2llttl 
1 3lcfB®L/-ctt«llcffia-r5„ ClCT-s S^l^l^UQb 



5?Kff^S46± H ttS 1 8S1f a 1 1 (DUmt)^ y 

^fcs la^iiJsictts wiK<omn^&±Hm±mizisi,f 
■7-(i—ii,-7icim c < $5EPicT t 'J ->xoa» 

:^lS)^mBLfc„ mil (a) © "0" (CjtfLTs +H 
sa^^EPSfltSi:^ 1 58141 1 1 c7)iSfb*i'!S$5 
ttJi05Kfb*lRl««S¥t7tcSofcifjgfii^*!ie (MR;*:) 
less. CC*^6€P?KI!i'\MLTt,^S5a^b6'«5a|5/c 

i6s fiTRj&ttJgfiHsrctiSo ^mi&mKVim (mr 

'Jx) 'sMftEtts -H*|Rl'N5aff«56^*-&«iJiiSA^S 
5. -??s lg2Stttt»1 3t£ "1" )S«E»**lfc«Jg« 

#A«ts 011 (b) ica^-raus -Hsaii^EPiip-r 
^tm^m^M^ ^(DmitmnL. mmm<Dmitij 

OM R A Mtts S^O^tClE^jS*<7)ffi'3i!/\°/UX?fflt^ 
T±Hil*|plcD!KS«5lt*-y:fttNi:s fiSMSfiifi^cD 
if6±6^y3EfbA'< "0" t "1" Tj£eLTU^53S** 

[0 0 7 4] Ell 2tCs mil^l*iait5*SgW<DM 
R AMlc33ttSfl^l^©5ai^-M Rtbro^'Tt-/!/-:^ 
!&m-r. +H*lR)05BSI««t^€«|i8s EUlCTx-TM 
RAM7tt^«l(C^Eni01a;^|R](OS*%%Sil-ro 01 2 

(a) B "0" s 01 2 (b) B "1" «m2SS1tJi1 
3\zmil,tdm\rJmt^. $fcs la^Pi^tCBs lu 

§ii%S3^iCcfcy/T^LT35§„ -^-ri—ii^-yizitmi:. 

(DMRAMOT-1':^-;l/-:/7Bs Kfbll^l20 (2 
Is 2 2s 2 3) i3 0 (3 1s 3 2s 3 3) O^mz 
dcygll 1 tif^+H^^lRllCi/^ hf^o B#WlCBs 
t7.xi;->XO+'DN (I21*s ,'SiiS7vxx-r) t>\ ^EPTvTx 

r->7hfi+H^iR!ic(i^UTi^5= i-nicffi\ -a 

+ H*lRia)8S»a«PLfc^s HfaSS^lcMfts BSfblil 

^jB<oss{bof^ffi(c<i: 1 mm 1 1 <Dfls^bB7G(94X 
wnzm^o -rftfc^s ig258tt)Bi 3(£ "0" m» 

TTtlfc^lg-PB (012 (a) ) s +H5Sff«0]llPLfc 
«s HfPJKfflER-rts BffiSi6^6fiffiSi (MR:*:-^ 

'h) ic^^b-rso m 2581*11 3ic -1" *i«!B«Trti 

/c««iT-tt (012 (b) ) s +H5SW=&Enl)DUfi:^s 
■ifaSS^lcM-r-hs fiffifiiJb^SiSatSi mR'h^±) iz 

X(7)3fT\ "0" s "1" ■?fi^©iE-B±«'y*fi<sfe 

So 

[0 0 7 5] 09tts 01ltm-r«^©*§IR«©MRA 

M^!:^J^,^Ts 7- y^wMzn^nym^Tm^msfnz 



(9) 
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-If p t [.tcmts 1 saii4«. m 2 mm§(mitm^m 
^mzmrmmmi^^^o @9 (a) »^2«ki£6i 3 

iz "0" ^BBSLftttfig*. 09 (b) B "1" SIB» 
:&iRitii^-rtit.fi€6^5ff{&mil^)i 2 0. 3 0 

[0 0 7 6] C<7)5S<bilSlttEl 1 lOT^-rxtfvifcaii 
lc|!g6*i5ta)7-liS<> ia2©<itcSSSC}ai5t(Si:liS 
S5SSttttmcJ:%m@^16 2v 6 3€fflt>5Ci: 

p©ft?(7);^ev»aJi!llcJ:SWb@SS2 Ov 3 0 1 

<!:6^Rrt67-»«, 5a^bil^l<Oft?Pi:5SMJgfixK<7)^ 

[0 0 7 71 ±BB<oll)ifg!!S^c^ic^T^*. is^ffifixMt 

5BKbil^li««8SfifiltC«UT8SttetlT33U. 'tmo 

[0 0 7 8] Ji(±t»^Lrci»fbli^iia}f^^-«l^». 

?ni. ^< =E 1; -tr^i/ffijgicsrtm^bfliiwx h v^yuia 
^m^tzm^itii. Eitc^^-rxeviRSLffiioJS^iiii 

03(DJ:-5tc-b>X!licDlS{bSMij|*iRltciligSW 
icx V h v^^;i/^*?i-r ii t TWbil^l 2 o > 3 o 

'J-bMzmKt?><Dm<'r!:ib7s^-XP 1 «:«ttTiS 
<bllSS«iatt5c:<5:!b^!j>ST-»«o Sft, 5S^b@^S 

£t{g<i:(iS«%ii1i44mc<):^il{bQ^l 6 2. 6 3$ 
SaitTtcfcl^ 03tJ:5'x*tlTL^5^*P 
2©xe>hv*;HS«ffli^S5BI<bil«12 0. 3 0t 

SSTl^Ci-Ps S*P2$S<-r5Ci:fi«T'*So *n 
tcJ:»J, BiHg-rspf^U-tryUtOP^PB (P1+P2 + P 

1) ^m<t^!itt'^T'^s mmm^-^<iizmtt>^ct 

itifiEltfcl^Tt. F^PiPK lSfbll^JiOft*P2t5K 
<!iicj: y . S^<Dl^^^:ffl^,^:5iE»t^■rn^)^(7)/^°;^X«S 

**<■r5^:ll^b@SJios!)S3bW^*lSt^ft46. 
^p 2»p 1 tsoTt^So fieoTx xtrvmMit 



fent5«afb@^Ji©«? p tmmic. xtfv h 
Ttsafbs^Hog* p 2 tfiiifiwtciiiitsfr « / * u -t 

[0 0 7 9] mK(ommmmz:^i'^Tit. mfnt^ts^t} 

[0 0 8 0] :>t=E'J-ti)\^^^h'Jy<77.Vilzmmt^fS 
<t.OTtt^:<. mm^^'E'J-bMzmLT't^mOi 

jas^tfc^-To mi o{*. xtfvhv:?.;nst=sy<DJK 

14«!f4ttJ:5ffl£fbil^l*f2ttfcf6©H5iJT'Sys KM 
Sj3iK'&3X3lCp<^';7'Ul'<bLfcffiJi!6fi>J«:S-r= ISI 

fl«iSS©T\ SKflCfiSiffliI 0 3. 2 0 3. 3 0 3±lZiSL 

wr^mmitmLTSbio ^^s^mt. msmtnmi 0 

3. 2 0 3. 3 0 3±lct,»««|fl«»«:«87 0 1. 7 0 
2 i:¥^TttaB1lTSr*lTl^5, «yAWs W4b@^JB6 2 3 
{cJroT. £lclSmSSil!!i2 0 3 1 2 0 2<D»J*lCJ*L 

^■(7)/gH(::»558«aJJa»1 0 2. 1 0 3. 3 0 2. 3 
[008 1] *^B^fl)MRAM-PB. SSlttt. S i -5 

x/\. em. so ll|3piattost^Mia14*^*4S*g6'«ffl 

LN6tl5o S O I mH&Ofmmit ELTRAN36. S 
S©S iO«gBWte« (10 0) ««»«LL^ 

[0 0 8 2] msiWiSLbizmmmimmtm. n 

J¥A*tl5o Ta, Cu, C r^©§a^S-^S i N, 

s i 02, A 1 20im(Dmmwmi^^ti^i3\ mmn 
tmm&inm(Dm(Dmxfi5iz^-DTit. }fA05:<T 

t,cl;u\ /^•y77'®<D)g)K*. 2-1 OnmOSHAW 
JIT$;5„ dtil*. fi)6K7^■S^cJ:■pT^^2nmJ:^J»0^ 
<!:**^jSS(cJ:5)S«^J*)-(DFBWSy. 1 0 

[0 0 8 3] ;^e>mii<7)Ji^> ^mitmtLTim 

f*««ffll^5tl5„ Cu. Ag. Au. A I. Mg«*^ffl 
(Dimit. 1~1 Onm0!)eigti($7ia7%%<, Ctl». 

'tN-;bfi£(03&n!y(£ y . iis&itJioDffii:f^ffl(t<t: y 

M^i*^6''5831L35:l^^i^*«»y. 1 Onm«SA 

[0 0 8 4] Xtf>hV*iHi05Ji^. ^NaitlilLT 
tt«6i!if*:««fflt^Sn5o «&llf*iLTtt. A I. Si. 



(10) 
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6ti5o immmmit. o. s-^snmo^mmm 

\t. attfi!6glcJ:*ev*-/HI^OStiii«»y. MBS 
[0 0 8 5] iKmt£l5x^(D«fi£S^T$5m 1 BSttSi: 

{z<[,^rcsb?t=EtjBtLxmmt^o 

^,^Tx i!i!5att*^i|i4t5iliatt*?fi|!^<^ES"JB2O05fiSB14« 

[0 0 8 61 missels mimmtimm^fn 

S<kLTs ^3-5nmCDCoi:Ii:?3 0nm(DFeMn 

|gUiattl*iJ:tfS25SttHi:LTB, N u F 
e» Co» NiFe, NiFeCOs FeCOs CoF 
eBtUNofcaSttttttH^^s TbFe. TbFeCo, 
GdFe^fl!)7i'JSa[14f**i«ffll>6*i«o CtlSrSStt 

m 1 mm. m 2 5Stt® Olilfti. 2 ~ 1 0 0 n m<DS5 

[0 0 8 7] mm&i\:m<Dm'^f,at. mitoismt. m 

jg>St,St>/-c46v P< t 'J •fe;USlJ0«ait«lRl±-r 5±T' 

[ 0 0 8 8 1 gii 3 tt. mmmt Lxmmiitm^m 

37». m^wtm^ ^. ^mm^ 2, mzasen 3 
*^6S5asm«Si«s 1 0 itm^Lzmmm e 4Rt«Bi 

<bll^l6 2A<£5„ aSl tlSmJfifiilll OtWF^lC 

iiiittiiig7 1 f}\ mim^m6 2(D±izimwm 2» 
fl^s^-r5-b>xtt3!{tt»#«g7 1 . mm&ta 

m^ 0. #Nltt®6 4. ?K1b@^Ji6 2. »#:«|7 2F^ 



$g 1 nmm 1 1 iiSllbilSl 6 2 ^!!H&jlfi«i(<:)£< (e£ 
tltd^s SS9[»«%m^SI<bgli£l<D«Jllli»ifi7£77<t 

[0 0 8 9] Ell 31CB. ffi-3itlK^««ifi«(WlC€Pa)t)e 

^l8^c^5l^T. fiSibiass6 2©ffl*T% musifii 1 
i^rm^mtmLTi^^o mitm^B6 2. miasttJi 

m(&mzi:^zm^mm^ ^a)mmBL. m2m 
miomiti5f^t<om3^'^t)^it^'j. "o" . -v 
(li-mmmx^^. coii^. 5sibii;£i6 2imi 

mM^ 1 i©ISl!:1S<1K««IS^*0***ttx #58 
1416 4(DJ3[;^%Sit%!l^:(c<t:o7SIS-r^o #^14 
JI6 40ffilif(d:v 2nm'^2 0nma)liSH(c^T%C 

(c<&<t:9A\ 2nm5l%^7S%£:. 581bS^n6 2^:m 

15S14J11 y h<mfmm'^-ni^±^<.t5.^y-ik'^TVz 
i\ m 1 (ffittH 1 1 Km-^mm^m e 2 wi?«f 

«Oo 2 0nm*Sjl«<!:s SSIbH^Ji 6 2 ©a 
SAMf 6=ntC < l^/i:«6v SSIbS^S 6 2 ©1*a«lS^ L 
T581b^:*:*< L/cU, *1u1*«afcy(D5aib*'<**l.^ 
581t**!|i4t::SM-r § /c46TS 

[0 0 9 0] SiI5S1b)S^fflt^fcJi^lcts nils t^i^ 

©3R*lRllCJi6S<Tt» »6*^i;46^a5S8ll«:EPllPL 
Tia^Lf=«3IB<b5aib*lRli:S«05KS?=&58^-r«iE$ 

[009 1] %\mm/mmm/%-ismmtS'ioti^ 

ao:*;* * ttfflt^S T^P -tr X^ffifflffljg (CIS UTjSHi^i 

s?*x§„ 5amsfiT;^©sfflT^i*sibL/-cffii5x$«i 0 

[0 0 9 2] 5SM}gJ5xM±(O^I1*lil<!:©P^lcM:^5«6^ 
aiCtt. S i 02^S i N. A I 2 O 3 S <>:~<0it««il4 

(ommits ■byxm'(>r?-mizmt^mtnztiLT 

«2®S*6»BET'3i$5'feOT»y. 5~1 000nm 

(omBicmiRtitimxio^o 
[0 0 9 3] mmomi^^Lwt. xtfvitaiswJi^. 

t\ t L < ttSiflcaSf -b VX«3S*1Io T5ail«5l* 
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5o fesuis imm^ftLTmfs*irc'7-[^wm\z 

[0 0 9 4] mWmitii. AI^Cu. AuftifSPStt 
y 100~1000nm<0 

[0 0 9 5] ±facD§«i|i4 • HltW-rSllPIfFlltt. 7 
[0096] 

[0097] mmm i ) ei uc. **s!i<5ij-?ffli^fc* 

5o lOSSilLTS i -JX/V 11. 2K 3 1 (DS 
lOaSKISailLTN i 80Fe20s 12. 2 2. 3 
2©^Biatt)Bi:LTCu. 1 3. 23. 33©lg2©ai 
l8ttJi<!:LTCo=&fflt^«, 11. 12. 1 3S^tott 
TSK^ffigiliSl 0*i«. 2 1. 2 2. 2 3S^t)-&TliBS 
H3£H2 0)B«. 3 1. 3 2. 3 3 S^tJ-tfTSSSHSS 
3 06W^^tlTl-^5o 4 10/^y77HiLTS i 
N. 5 1 omi^mt LTA I ^fflO^TL^5o »<**I5 1 
tt. BS^lijnffiil O0E±tCEl/7^L^t^*6i^lS i 

1blc»8iJLTa5^LTi,^5, 
[0 0 9 8] «?<^iJPIlc«, 7?)-h'JV^'57'fi:'J 

(a) ~ (f) I*. ^<DjPX#|ll€:/T^-rElT-«5o 117 
(a) i: (b) . 07 (c) i: (d) . 07 (e) i 
(f) B. ■?-*l^tl*tS«:U 07 
(a) . (c) . (e) 1::*©¥B0. 07 (b) . 
(d) . (f) )!*«l9iB¥E04'©X-X' «lT'©Bra0 

[0099] 07 (a) ItS^-r. ft*L + 2P. 

:^5X10-5Pa J.XT<D*1*7\ 7714 1 T£ 
5S i N. f^^m^m^ 1.2 1. 3 1T-$5N i 8 0 

Fe2o. ^m1^^ 2. 22. 3 2T'»5Cu. mi 
m\tm^ 3. 2 3. ssT'SscoS'ii^^-r^o ^ 

©H^tt. S i Ntti Onm. N i 80Fe20tt1 0 



nm. CuttSnm. C of* 1 0 nmT**o CCT. 

s 1 mmo) N i 8 0 F e 2 0 itmmm^io *j 

LT^^^^^tjim^[y'jx\-tmmmiiLTs U7h 

tyt^iltlzH'J. 07 (b) lcBiHJg«*/TT-r«l 

[0 10 0] mz. 07 (c) lOT^-rvEJ^rosfe^ii 

S i N^mtS 5 0 nmfiltffifrs. fiKISS. 7-b h VT' 

ticj:*;. 07 (d) izwimim^mimms i m 

[0 10 1] mt. 07 (e) lC5^-r¥ffif^©5lft«g 

5 1 t7a-zrjiy \'tti^iioiz. Uv'i^h-^x^s 

7 ;j- h y 7 7 -f TfFia-r ^ ^^l:^fcSffi'& 
X/\°'y^$l«l!:A*l. A I ^JiS-4 0 0 nmfiEMTSo 

aLTl^5#5^^S:A I fig's Ui^'X hi: HBflCFS^SLT. 
'J7h:d-7-r52:i:l;:J:y. 07 (f) it^mM^m 

^fiET^o SI§[«i^a}iltifi(::j£tt|-r%<):7^llilL/-i:i 
0 0 lumftOA I flitt. 8l«aEfii€jliy^f 5:^P-::^th 

[0 1 0 21 ±3SL/-cf^*^«fflt^T. -bVXlSOfiS 

[0 10 3] ±l3(7)7o-trX^iSTf'fi^Lft^^y*? 
5 m A ^-SS L. 5S«}i}AlSa)JS}JiS<k«lE^ 

K . 7a-y'?s<Dmmt&m<Dmm^mm^Tc 

46. ffiE«iailcB4(S?-;ByS?£^fflt>T. lEMtt:!t-> 
«|5 1) icttJiJtSlnistOjSJgjSaSitffl^^A^U 7 

[0 10 4] 08tt. n±mziBif^. y-m9^t 

-mZ&^o L = 20Mm. W=20Mm. P = 60p 
m. P/L = 3tCSS?Lfc*?lCS*U -b>X«3?E5m 
A. 7-K«3i{8 0mAO*fl=7SB*ajLft "0" t 
"1" (Dm^m^^s •?-tl^tl08 (a) . (b) IC/T^ 



12001-195878 



LXiS U SJftffiKtt. 1 0 0 m 
A=1 OmVT-SS, 118*s H-^j TEl^xL/b^- 

IB®1f?a "0" s "1" lt^fc-ttT-bVXlBE©j6B6'' 

^tT. "0". "1" A^iSigijprBgtaSo 
[0 10 5] L, P(7)SS««ifca<D-ttv:^yb (;><^|J 



6. P/LU2. 5«±©JR?lCjJt^T. 

^^^oTv z:n6P/L6':2. 5J.x±a)^^■v7;^7-^i^ 

[0 106] 

[SI] 



P/L 


P (/in) 


L (wm) 


AVs (mV) 




0. 5 


1 0 


2 0 




X 


1 


20 


2 0 






1. 5 


30 


20 






2 


40 


20 






2. 5 


50 


20 


2.2 


O 


3 


60 


20 


2.2 


o 


3. 5 


70 


2 0 


2.5 


o 


4 


80 


20 


2.1 


o 


4. 5 


9 0 


20 


2.3 


o 


5 


1 0 0 


20 


2.3 


o 



[0107] mmwi 2) m 2 ic. 
mm(0MRAM<Dm<Dmis.w\^7ikto 02<7)«?^fieT- 

lis Brt5afk)SlcJ:5;^t;vte^?t){3LSO?iS^«c}nffilc 

«i^(t7t^^o 1 itm&s 1 1 »mia)»i&it5s 1 2 

tt^NSttS. 1 3»S2(7}3ii«K1£Ji7£%. 1 Is 1 
2. 1 SS^teitTKftSfitiil 0fi«JgfiE*nTL^5o 

4 1 tt/^y^y'ji, 5 1 itmim^mro mims i « 

SSaSSiBil O0iI±lC*6!!*S (|g/T^L«:U^) ^i^LZ 
^^Um2 < f Sfc46 5 1 5 1 b{c»gij L 
TSS^LTt^S., mil^l6 2. 6 3«HX*|pHC 

mm&mm^ oroijsicfgfie^tiTi^s, cw^as^t 

im^m6 2. mms.tKm^ o. mitm^mesmmc 
mm^yT^nmtmwm i ^^ep i o i a. i o i b 

[0 10 81 SSjkil^l<7)tt*45C o^C^MLn:W^1• 



[0 109] L, PcDS*5«?saot>-y7;U (/t'J 
m^mi^^m^tiit^. p/Lfl«/jx'ar<T'fe-^7Xffli]© 

[0 110] 
[«2] 



P/L 


P (Mm) 


L (wrn) 


AVs (mV) 




0. 5 


1 0 


2 0 




X 


1 


2 0 


2 0 


2. 2 


O 


1. 5 


3 0 


2 0 


2. 3 


o 


2 


4 0 


2 0 


2. 2 


o 


2. 5 


5 0 


2 0 


2. 1 


o 


3 


6 0 


2 0 


2. 2 


0 


3. 5 


7 0 


2 0 


2. 3 


o 


4 


80 


20 


2. 2 


o 


4. 5 


90 


20 


2. 1 


o 


5 


100 


20 


2. 2 


o 



[0 111] (HfiSijya) 03tc*iisfi«ijitfcnj-s*5i 



(13) 



1^18200 1 -1 9 5 878 



tcfit^mmo-m-Z'ibio i i k 21. 31 
itt^wwmm. 12. 22. simmitm. 1 

3. 2 3. 3 3ttS2<7)3fiBSttl-^aB5o IK 12. 

^ 3^^t>^Tmtl^^i^im^ Qt\ 21. 22. 23* 
^^^Tmim^m2ot\ 31. 32. 3 3*^to-y: 
T^s<b@s®3o^)Wfi)c^nT^-^5o 71. 7 2tt»ft: 
mmto mwmi 1 am 1 mm 11. 21. 31 

5o ^61::. 5H*j|il7 2<D±lCif6iiiK?:n-LT»(*l|ii7 

7 ^t7 2^t^n^n. Tsu-trvm ±^-ii:^mt 

0«3i®LT±SI5-bVX*itc3itns, fiSai©IBSB4 
lis •bv;^«li:7-hm3iin«S3itfl«58Srs^B)6SS 

[0 112] ^TF<DJ)nXlCtt. 7* h'Jy^^77-f 

^**L. li^WiiU liSM«ti5i{i1 0i:«S^k@^®3 

K fiS^k@^13 0 (S6mc5Sfbll^®2 0) (DXlS 

^(om^^pitLX. §^iw^col^T. l, pi, p 

[0 1131 Stt)|^ffilWB!a8llctix/<y^'il»*ffit^ 

mmmtlSX 1 0-5 P a«T7, »«87 1 OA 
kSlSSIilll. 21v 310!)Ni80Fe2 0. 

$m&mM. 22. 3 2(DAiox. m2«si£ai 



3. 2 3. 3 3(7}Co. «&llii8la)S i N. i»f«|lS!7 2(D 
A I <omt:mLTco BtWtt^n^tl. 5lfMS7 1 O 
A l$2 5nm. UlSSIiJION i 80Fe20:&2 5 
nm. ^^SSItHcDA I 0x^1. 2 nm. ^2581410) 
Co^2 5nm. »ftijil7 2(DA I^SOnm. iH&lg^M 
<DS i N«1 1 OnmiL/to CCTv MlBSttlON 
i 8 0 F e 2 0tt»«Si14Wi|!47-Sy WSa.!: LT. Sg2 

vms<o c o ti5jsstttt!i!47-^ y y ^ u ® <!: Lxmmt 

5o l^«2(14®T'«5A I OxOf^SKlCtts «L:46A 1 ^ 
Lfc^. S1lF»gltlSig*9IALT 1 0 0 0 P a 
T-1 2 S^JKSLTA I Oxi?{bli^HML/i:o CO A 
I OiHklSlOJKfim. m)£OSME:/3$T«aSfaSL 

tt. 3!l^*'&-P2 00etLfco 
[0114] L, Pis P 2<DM«:5«aaO+>-V^;U 

(/^UfH?) ICWL. IISfi«<Jl <5:l^«0#S7-bVX 

P2/L«2. 5JJU:i'r«C<i:7:/'7XfjOffi3ffiO*' 

[0 1 1 51 
[^31 



P2/L 


P2 («m) 


P 1 (.am) 


L ium) 


(mV) 




0. 5 


1 0 


0. 5 


20 






1 


2 0 


0. 5 


2 0 






1. 5 


30 


0. 5 


20 






2 


40 


0. 5 


20 






2. 5 


50 


0. 5 


2 0 


7. 1 


0 


3 


60 


0. 5 


20 


7. 2 


0 


3. 5 


7 0 


0. 5 


20 


7. 5 


0 


4 


8 0 


0. 5 


2 0 


7. 5 


0 


4. 5 


9 0 


0. 5 


20 


7. 7 


0 


5 


100 


0. 5 


20 


7. 5 


0 



[0 1 1 61 (nmmA) giAic. :^miiiztsifi:^ 
URBOMRAMofteoffifigmm-ro mAicmtm=f-m 

fbs^isHitTt^So 1 ttSffiv 1 1 itfswms. 
m. 1 2«?Mi. 1 3fim2oaiSKi4/iT'»*o 1 

K 1 2. 1 3^^^3-tiTliS^StSi^l OftW^JtlT 

t^5omll^s6 2. estm^i&mmmmx:^^ 
icmmitiTi^^. 7 1. 7 2tt«#si*,T^-rc 
7 1 (imnisesi 1 ic. mwm ntmm\i.m sic 
tt«wtci«i^LTt^5o mim7 2<o±izim 
m^ftLTmim7 2 tm^mzy- K«s*iS!^^•Tt^5 

C^mm o ?¥ft«l7 1 <!:7 2tt?-ti^ft. 



laA'eiiSjKSSiiiiti o^mmLx±^-byxmtmi 

[0 117] SI?-Ol)PHctt. 7*h'JV^^57-ri:'J 
**^L. HSWiiU KMSJnKi Ctmil^ie 

3 (&6mcmii^Ji6 2) t(Dx:^]pi(o?sm^p 
1. mia^l6 3 (^:6m::?Sfbil^^6 2) ox:& 
lRlO*?5P2iLT. #tiW^^:•Pt^T. L. PI. P 

2 <Dmi^^7Lrc^yy}i^^WLim Lfc„ 

[0 118] m@^io*?r«*coiciEMLfce(^ 



(14) 
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[0 119] L. PI. p lo^rs^mmmo^tyyn 



3^i^iKttf*(7>cos^iK^b@^J■^!:ffll^^*5l^ftfl"JTB. fis 

tSoTs Bfjg-rssaswgSiiiiP^fDPSfcy (p i + p 2 + 

P1) ^Xh<T'*. J:yiSl^»«S&afi)cT-^5filig7- 

[0 1 201 

[«43 



P2/L 


P2 (<im) 


P 1 (iim) 


L </tm) 


AVs 
(mV) 




0. 5 


1 0 


0. 5 


2 0 








2 0 


0. 5 


20 




X 


1. 5 


3 0 


0. 5 


20 


7. 2 


0 


2 


4 0 


0. 5 


2 0 


6. 9 


0 


2. 5 


5 0 


0. 5 


2 0 


7. 5 


0 


3 


6 0 


0. 5 


20 


7. 1 


0 


3, 5 


7 0 


0. 5 


2 0 


7. 5 


0 


4 


80 


0. 5 


20 


7. 2 


0 


4. 5 


9 0 


0. 5 


2 0 


7. 3 


0 


5 


100 


0. 5 


20 


7. 4 


0 



[0121] immis) 01 4(c, :mmmici3\,f^ 
:i^f^m(OMRAMam(omgi,m^m-o m^4^t. mm 

llI^s«fS^^•fci!l?«Jio«|J«5^UTL^So 1 itm&. 
1 '[^if^^mmm. 1 2«?N5SttH> 1 sittszo^ 
m^ST'^^o IK 12. 1 3 j&^to-yrTK^atfixK 

1 06M^t^TL^5= CKDKMigJnMl 00^20^ 

mitm 1 3 ±ic. ss^kEi^i e 2 sys^^iStti 6 4 a^m 
gTrnTi^^o 7 1,7 2«gpft*i55^-r, mwm 1 

lim 2 KttS 1 3 ic. ap^cjjg 7 2 bilSl 6 2 icl 

«6-r5W»«i5 1 =&iawTl^5o mmsi? 1 17 2^^ 

XffiSKttTas-bvXilgjb^eSBlMffifitKl 0€iiiaLT± 

[0 12 2] #«)i54^o^^tt. x/i'v^mw^mi^ 

SJilE^ 5 X 1 0 - 5 P a J.XTT\ mwm7 1 <D A 
K mmttSI 1(7)Gd2 1 Fe79. 2 
©A I Ox, m2lKttl1 3(DGd2 1 Fe7 9.im 
m(OS i Ns »i*Sl7 2©A K ^mitB6 4(0Cu. 

62©Tb26Fe7 40#lSSfi!6lS Lfc„ H 
Jftt^tl^tl. «tt:«l7 1 ©A I «2 Snnu IgUKttJi 



1 1©Gd2 1 Fe79«1 Snm, Jf^tt® 1 2©A I 
Ox«2. 2nni. S2iB14Ji1 3©Gd2 1 Fe79^ 
4 0nni. «i«»|7 2©A I^SOnm, «&ji]l©S i N% 
eOnm. #mi6 4©Cu%5nins SK4b@:tl6 2© 
Tb26Fe74=£50nini:Lfeo CCT, miSSttHI 
ItiBSliLT, m2Stt14H1 BttytUHtLTffi 

«>A I ^x/i-yiiLrcm. ^m.mcmmm\LTt o 

OOPaT-1 2 5$J)5i«LTA I O x S^fbSi^f^fiU L 

fto ii©A I (Dmtmomm'^. m-^commEtii^T-M 
^mmLTmKititcmm^m. 'a<oq6 2 ^ f e 

[0 12 3] L> WWMS^S^gJSaro+J-VT'^U (p«=EiJ 
HI?) IC3*U lia5«yii:PI«©#aT-bVXliii7 

Ic. ■bVXliait1niAi:L/-cl!80J(gS*^.-ro 8SfbH;£Jg 

6 2 c 1 7. 75 T.moimiodf-X'mmm^ 

ftili©¥ffi>R« (ffiS) lCft?^LT, -feVX^atlmAi: 

[0 12 4] i^tc. **iii(^«|J^cfcl^T^*^ sa^bii^i.!: 
mt-:>x\s^^t\ z:ay^mm\t. mmmmzm 

5. iKfb@^B©BSSf©*^?**Jffl-r5/j:46lciait6 

tifct©7«ys BSfb®^«5©«iR. igg«jii:3i»?-r 



!|tM200 1 -1 95 87 8 



[0 12 5] 
[«5] 



L/W 


w («m) 


L (;im) 


AVs 
(mV) 




1 


5 


5 


4 12 


o 


1 


1 0 


1 0 


108 


o 


2 


1 0 


20 


6 5 


0 


1 


2 0 


20 


23 


o 


1 


30 


30 


1 1 


0 



[0 126] 

^h<bA^iaetis efflss^^'j^a. ^-tifflo^s^it 
[giHt^tem^si^] 

[01] :^mn<}^mimifimtmcmmm(omitm^m 
m 2 ] 5at[jgisi8i©x i^ymMm(omtmfs^e> 

^mftcMR/KM (XtfVhV*;U3!l) ©«^«IJ*«iC 

[0 5] MRAMOiftf^HSW^f 5«SElT-$y> 
(a) ttMRAM (XtfvmS) <D«fi£«IJ> (b) . 

(c) {*fi^iBgs, (d) ~ (g) itm^n^oihm 
me} c I pm&tcppm&icmf^-byxmmo) 
[07] siaE«iji©MRAM {xifymm <oimy 

P-tr7*ffiWrS07»y. (a) t (b) tt/<^i-V 

{k?n/-c5SMJgi5i:^cOfiE(ilS. (c) t (d) 
)l®fi)6iaiS. (e) t (f) tt*«li::r/U-:?^-/< 

[08] ^SSWWMRAM (XtfVticaS) tcjjft* 

m^mm^m.<D-9\^mmr-siv. (a) "o" 
m (b) "1" ^^sgicfcitsfl^-afg^/T^To 

[09] llfflfilJICMRAM UtfVlifSLSa) iCfcW 



(a) « '0" ttlHv (b) "1" 

[01 01 nnm4<DNiRAM^T\y-(itLrcmmm 

[011] Se«®MRAMlEfett«!ill-MRib-7-f± 
[012] *«W®MRAMlCfcHJ-«SSIil-MRj±?1' 

^-^u-y®«i«wic5'xr0TaB«o 

[01 3] *Sg8fl©SillK<blBHcJ:5Xtryhv*yU« 
jgODM R A M©SlB£««ieWlC/T^-rillTH0T'S5o 

[01 4] *^B^oatt58fbffiH;:<fe«xif>h>*/H« 

ig<DMRAMCD-filJT»5» HSfiffllSOMR AM©fllfi8 

1 5*5 

I 0 mnwimm 

II mmttfl 

1 2 »^1$J| 

1 3 B2]iKiija 

2 0 mimmm 

2 1 miflSliJi 

2 2 $mm 

2 3 j^imm 

3 0 mn^/i 

3 1 m^mm 

3 2 

3 3 fHzmm 

4 1 /K-yyym 

5 1 «1*iSg 

6 2 jiSlbl3^/i 
6 3 fiiS^bS^S 

6 4 tmm 

7 1 SPi««l 
7 2 

1 0 0 KfbroiRi* 

10 1a ^3S©lRl$ 
10 1b «?lS(DlRl* 
1 0 2a fg^-rSSS^^lRl* 

1 0 2b m^t^m^om 
1 0 2 mm&WM 

1 0 3 



(16) 
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202 mmsum 
20 3 mmsmi 
3 02 mmim 
30 3 mmm 



623 m@:tJi 
70 1 mm 
702 mm 




mi] 




(20) 



!|$IB200 1 -1 95 87 8 



K Run: i»OkS/t Avtnga 



Mb 



14:13:28 



THK Run: looks/s Avang* 



1 1 Pk-Pk 

3.20mV 



■■ wto - ftMi ai<> ' ■ i.w 2« Apr i»» 

S0Q|1S 14:15:06 



(b) 



(22) 



i|tBII2 00 1 -1 9 5 878 



im 4] 




